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SUMMARY 


Exxon  Enterprises  Materials  Division  was  awarded  a  contract  by  the  U.S. 

Army  Tank -Automotive  Command  for  the  design,  fabrication,  and  testing  of  components 
for  the  5-ton  truck  using  synthetic  materials.  The  development  covered  the 
period  from  October  1979  through  October  1981. 

Exxon  Enterprises  Materials  Division  was  responsible  for  the  design  trade 
study  for  the  front  and  rear  leaf  springs  and  the  propeller  shafts,  the  prototype 
fabrication,  and  the  initial  laboratory  testing  of  the  fabricated  parts. 
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PREFACE 


The  work  described  in  this  report  was  supported  by  the  U.S.  Army  Tank- 
Automotive  Command  under  Contract  Number  DAAK  30-79-C-0146. 

The  contract  was  monitored  by  Mr.  Avery  H.  Fisher;  Tank  Automotive  Systems 
Laboratory,  Warren,  Michigan. 

The  project  was  managed  for  Exxon  Enterprises  Materials  Division  by 
Richard  L.  Daugherty,  Manager  of  Engineering. 
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1 


INTRODUCTION 


1.1  Introduction  and  Background 

Composite  materials  are  materials  with  high  strength-to-weight  and 
stiffness-to-weight  ratios.  These  properties  along  with  the  advancing  state- 
of-the-art  for  designing  and  fabrication  with  them  and  the  dramatic  reduction 
in  raw  material  costs  make  their  application  to  commercial  and  industrial 
components  feasible.  Weight  reductions  approaching  50%  are  achievable  when 
replacing  conventional  metal  structures  with  advanced  composite  structures. 

These  materials  can  benefit  the  Army  in  several  ways  in  truck  applications. 
Weight  reductions  will  result  in  increased  fuel  efficiency  and  overall  agility. 

This  will  permit  larger  payloads  to  be  transported.  In  addition,  composite 
truck  components  are  potentially  more  reliable  than  metallic  components 
because  of  their  improved  fatique  and  corrosion  resistant  properties. 

Our  objective  was  to  show  the  feasibility  of  composite  materials  when  applied 
to  the  leaf  springs  and  propeller  shafts  of  the  Army's  5-ton  truck.  The  first  phase 
of  the  program  was  a  material  trade  study  to  determine  the  weight  savings  possible 
with  the  composite  material  systems  appropriate  for  these  applications.  Four 
factors  were  considered  in  the  choice  of  the  designs  for  further  study:  weight 
savings,  cost,  fabricability,  and  interchangeability  of  the  design  with  currently 
fabricated  components. 

For  the  leaf  springs.  E-type  fiberglass-epoxy  designs  offer  weight  savings 
similar  to  those  for  the  graphite-epoxy  systems.  Cost  factors,  both  for  the  raw 
material  and  the  fabrication,  were  the  deciding  factors  for  choosing  the  fiberglass- 
epoxy  design  for  prototype  studies.  The  propeller  shaft  material  trade  studies  showed 
the  graphite-epoxy  designs  to  be  the  most  effective. 

In  Phase  II  of  the  program,  prototypes  of  the  fiberglass-epoxy  leaf  springs 
and  graphite-epoxy  propeller  shafts ~were  fabricated. 

For  the  leaf  springs,  expendable  tooling  and  an  autoclave  cure  process  were 
employed.  Although  this  was  a  cost  effective  way  of  producing  prototype 
components,  geometric  irregularities  resulted.  Such  a  method  would  not  be 
used  for  production;  therefore,  these  irregularities  were  considered  acceptable 
for  this  program. 

The  propeller  shafts  were  fabricated  using  female  tooling  with  an  internal 
rubber  bladder  to  apply  pressure  during  cure.  Because  of  the  joint  necessary 
between  the  composite  tube  and  metal  end  sleeves,  this  tooling  was  extensive. 

In  prodution,  filament  winding  could  be  substituted  for  this  process. 
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Laboratory  testing  of  the  components  was  performed  as  the  final  phase  of 
the  program.  Both  steel  and  composite  material  leaf  springs  were  fatique  tested; 
the  results  demonstrated  the  fatique  characteristics  of  the  composite  assemblies 
were  similar  to  those  of  the  steel  assemblies.  The  propeller  shafts  were  tested 
under  the  conditions  established  by  the  industry  for  the  steel  shafts.  The  static 
strength  of  the  composite  shafts  was  well  in  excess  of  the  required  load.  The 
fatique  tests  showed  the  joint  between  the  composite  tube  and  the  steel  sleeves 
failed  after  several  thousand  cycles;  steel  shafts  fail  after  75,000  -  100,000 
cycles.  These  test  results  are  to  be  related  to  actual  requirements  in  field  tests 
to  be  performed  by  TACOM. 

This  report  presents  the  results  of  the  program  performed  by  EEMD.  TO 
establish  the  design  properties  for  the  composite  materials  considered  appropri¬ 
ate  for  leaf  springs  and  propeller  shafts,  a  test  program  for  E-type  fiberglass- 
epoxy  and  high-strength  graphite-epoxy  systems  was  performed.  The  results  are 
given  in  Section  2.  The  design  study  results,  including  the  material  trade 
studies  and  final  designs,  are  given  in  Section  3.  The  fabrication  processes 
used  for  producing  the  prototype  parts  are  discussed  in  Section  4,  while  the 
test  results  for  the  component  testing  are  discussed  in  Section  5.  Finally, 
budgetary  cost  estimates  for  production  of  these  components  are  presented  in 
Section  6. 
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2 


COMPOSITE  MATERIAL  PROPERTIES 

The  material  trade  off  studies,  presented  in  Section  3,  show  that  E-type  fiberglass- 
epoxy  and  high-strength  graphite-epoxy  are  the  material  systems  appropriate  for  leaf 
springs  and  propeller  shafts,  respectively,  for  the  5-ton  truck  components.  In  this 
Section,  the  results  of  the  material  property  testing  program  for  these  systems  are 
presented.  Also  presented  are  the  test  results  for  the  adhesives  considered  for  the 
joint  between  the  composite  tube  and  steel  end  sleeves  for  the  shafts. 

The  following  tests  were  performed  on  unidirectional  laminates  for  each 
material  system. 

a.  Tensile  test  per  ASTM  D3039;  properties  were  determined  in  both 
the  fiber  and  transverse  to  fiber  directions. 

b.  Flexural  test  per  ASTM  D790  with  a  32:1  span  to  depth  ratio. 

c.  Shear  test  per  ASTM  D2733;  performed  at  50*C. 

d.  Shear  test  per  ASTM  D2344;  performed  at  room  temperature  (RT) . 

e.  Impact  test  per  ASTM  D256,  Method  A  (Izod) . 

2.1  Graphite-Epoxy  Systems 


Two  high-strength  graphite-epoxy  systems  were  tested: 

-Fiberite  HyE  1048  A1E,  with  Union  Carbide  Thornel 
300  fiber. 

-Hercules  AS/1904,  with  Hercules  AS-4  fiber. 

The  results  are  presented  in  Tables  1  and  2.  The  HyE  1048  system  was  chosen 
for  the  prototype  studies  because  of  EEMD's  processing  experience  with  it;  both 
systems  exhibit  similar  mechanical  properties. 

2.2  Fiberglass-Epoxy  Systems 


Two  E-type  fiberglass-epoxy  systems  were  tested: 

-3M  SP-250  E 

-U.S.  Polymeric  EF-7172 

The  results  are  presented  in  Tables  3  and  4.  The  3M  SP-250  system  was  chosen 
for  the  prototype  studies  because  of  its  superior  properties  and  EEMD's  processing 
experience  with  it. 
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2.3  Adhesives 


The  propeller  shaft  designs  incorporate  metallic  end  sleeves;  the  shaft 
end  fittings  are  welded  to  these  end  sleeves.  To  allow  for  interchangeability 
of  the  composite  shafts  with  the  present  metallic  shafts,  the  end  sleeves  were 
fabricated  from  the  metal  tube  presently  used. 

The  fabrication  process  for  the  composite  tubes  incorporates  an  adhesive 
joint  with  the  end  sleeves  formed  during  cure  of  the  tube.  Four  adhesive 
systems  were  tested  to  determine  the  most  appropriate  adhesive  for  this 
application: 

-3M  AF13 
-Hysol  EA9628 
-Metlbond  1133 
-Cyanamid  FM-73M 

The  selected  process  included  contacting  each  major  adhesive  company,  explain¬ 
ing  the  application,  and  allowing  them  to  select  the  best  adhesive  from  their 
line.  Only  standard  products  were  considered  appropriate.  This  process 
resulted  in  the  list  shown  above. 

The  results  of  lap  shear  tests,  in  which  high-strength  graphite-epoxy 
was  bonded  to  steel,  are  given  in  Table  5.  The  test  procedure  was  in  accordance 
with  ASTM  DIO 02. 

The  results  showed  Metlbond  1133  to  be  the  choice  from  shear  strength 
considerations;  it  is  also  the  one  with  which  EEMD  has  the  most  experience. 
Therefore,  Metlbond  1133  was  used  in  the  prototype  fabrication  program. 
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Table  1 

Material  Properties  for  HyE  1048  A1E 


(a)  TENSILE  -  FIBER  DIRECTION 


Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus , 
msi 

1 

0.500 

0.0430 

5908 

274,800 

21.9 

2 

0.500 

0.0440 

5820 

264,600 

21.9 

3 

0.499 

0.0430 

5897 

274,800 

21.2 

4 

0.500 

0.0413 

5401 

261,600 

21.5 

5 

0.501 

0.0450 

5953 

264,000 

21.3 

Average 

268,000 

21.6 

Std.  Dev. 

6,400 

0.3 

(b)  TENSILE  -  TRANSVERSE- 

-TO-FIBER  DIRECTION 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load ,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

1.000 

0.0545 

326 

5,990 

1.34 

2 

0.999 

0.0546 

349 

6,410 

1.32 

3 

0.999 

0.0544 

430 

7,910 

1.28 

4 

0.997 

0.0548 

355 

6,500 

1.32 

5 

1.001 

0.0546 

337 

6,170 

1.35 

Average 

6,600 

1.32 

Std .  Dev 


800 


0.03 


(C)  FLEXURAL 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

1.001 

0.0945 

410 

204,000 

18.0 

2 

1.001 

0.0927 

408 

211,000 

18.0 

3 

1.002 

0.0925 

452 

234,000 

18.3 

4 

1.002 

0.9003 

373 

205,000 

17.3 

5 

1.007 

0.0927 

408 

209,000 

18.5 

Average 

213,000 

18.0 

Std.  Dev. 

12,300 

0.5 

(d) 

IMPACT  (Izod) 

Specimen 

Specimen  Dimensions 

Load 

S 

No. 

Width,  in. 

Length,  in. 

lbs 

ft-lbs/in. 

1 

0.0895 

2.50 

4.40 

* 

2 

0.0900 

2.50 

2.20 

24.4 

3 

0.0929 

2.50 

2.14 

23.0 

4 

0.0924 

2.50 

2.45 

26.5 

5 

0.0906 

2.50 

1.62 

17.9 

Average 

>23.0 

Std.  Dev. 

3.7 

♦Incomplete  Break 
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(e)  SHEAR  STRENGTH  AT  50 *C 


Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width,  in. 

Area,  in2 

Load,  lbs 

psi 

1 

0.999 

0.487 

1239 

2,550 

2 

1.000 

0.504 

1246 

2,470 

3 

0.999 

0.503 

1164 

2,320 

Average 

- 

2,450 

Std.  Dev. 

120 

(f) 

SHEAR  STRENGTH  AT 

ROOM  TEMPERATURE 

Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width ,  in 

.  Thickness,  in. 

Load,  lbs 

psi 

1 

0.250 

0.130 

534 

12,310 

2 

0.250 

0.130 

551 

12,720 

3 

0.251 

0.126 

525 

12,440 

4 

0.251 

0.126 

513 

12,160 

5 

0.251 

0.126 

540 

12,810 

Average 

12,500 

Std.  Dev. 

300 
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Table  2 

Material  Properties  for  AS/1904 


(a)  TENSILE  -  FIBER  DIRECTION 


Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

0.498 

0.0309 

3825 

248,600 

19.6 

2 

0.498 

0.0302 

3858 

256,500 

19.9 

3- 

0.497 

0.0308 

3649 

238,400 

19.7 

4 

0.497 

0.0307 

4057 

265,900 

19.5 

5 

0.497 

0.0310 

3860 

250,600 

18.7 

Average 

252,000 

19.5 

Std.  Dev. 

10,200 

0.5 

(b)  TENSILE  -  TRANSVERSE- 

-TO-FIBER 

DIRECTION 

Specimen 

Specimen  Dimensions 

Maximum 

Ultimate 

Modulus, 

No. 

Width,  in. 

Thickness,  in. 

Load,  lbs 

Strength,  psi 

msi 

1 

1.011 

0.0390 

288 

7,370 

3.86 

2 

1.006 

0.0398 

358 

8,950 

3.92 

3 

1.002 

0.0400 

335 

8,360 

3.77 

4 

0.999 

0.0398 

316 

7,940 

3.45 

5 

0.999 

0.0397 

380 

9,570 

3.76 

Average 

8,400 

3.75 

Std.  Dev. 

900 

0.18 
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(c)  FLEXURAL 

Specimen 

No. 

.  Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load ,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

0.999 

0.0840 

400 

226,000 

17.5 

2 

1.000 

0.0810 

419 

255,000 

17.2 

3 

1.001 

0.0835 

382 

218,000 

16.7 

4 

1.001 

0.0822 

430 

254,000 

17.3 

5 

1.001 

0.0853 

416 

228,000 

16.5 

Average 
Std.  Dev. 


(d) 

IMPACT  (Izod) 

Specimen 

Specimen  Dimensions 

Load 

S 

No. 

Width,  in. 

Length,  in. 

lbs 

ft-lbs/in. 

1 

0.0810 

2.50 

2.65 

32.7 

2 

0.0805 

2.50 

3.30 

41.0 

3 

0.0807 

2.50 

2.18 

27.0 

4 

0.0810 

2.50 

2.20 

27.2 

5 

0.0802 

2.50 

2.20 

* 

Average 

>32.0 

Std.  Dev. 

6.6 

236,000  17.0 

17,000  0.4 


♦Incomplete  Break 
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(e)  SHEAR  STRENGTH  AT  50  *C 


Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width,  in. 

Area,  in2 

Load,  lbs 

psi 

1 

1.002 

0.477 

1318 

2,760 

2 

0.999 

0.471 

1279 

2,720 

3 

1.003 

0.473 

1182 

2,490 

Average 

2,660 

Std.  Dev. 

150 

(f) 

SHEAR  STRENGTH  AT 

ROOM  TEMPERATURE 

Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width ,  in 

.  Thickness,  in. 

Load,  lbs 

psi 

1 

0.250 

0.114 

557  . 

14,620 

2 

0.250 

0.114 

562 

14,740 

3 

0.250 

0.115 

571 

14,950 

4 

0.250 

0.114 

556 

14,600 

5 

0.250 

0.115 

546 

14,280 

Average 

14,600 

Std.  Dev. 

200 
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Table  3 

Material  Properties  for  EF  7172 


(a)  TENSILE  -  FIBER  DIRECTION 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load ,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

0.496 

0.0335 

2822 

169,800 

6.34 

2 

0.496 

0.0323 

2646 

165,200 

6.34 

3 

0.495 

0.0319 

2579 

163,300 

6:34 

Average 

166,100 

6.34 

Std.  Dev. 

3,300 

(b)  TENSILE  -  TRANSVERSE- 

-TO-FIBER 

DIRECTION 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

1.001 

0.0658 

318 

4,820 

1.88 

2 

0.993 

0.0658 

299 

4,570 

1.88 

3 

1.001 

0.0636 

295 

4,640 

1.86 

Average 

4,680 

1.87 

Std.  Dev 


130 


0.01 


(C)  FLEXURAL 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load ,  lbs 

Ultimate 
Strength,  psi 

Modulus , 
msi 

1 

1.001 

0.106 

428 

190,000 

6.49 

2 

1.001 

0.100 

358 

178,000 

6.33 

3 

1.001 

0.105 

417 

185,000 

6.47 

Average 

184,300 

6.43 

Std.  Dev. 

6,000 

.09 

(d) 

IMPACT  (Izod) 

Specimen 

Specimen  Dimensions 

Load 

S 

No. 

Width,  in. 

Length ,  in . 

lbs 

ft-lbs/in. 

1 

0.104 

2.500 

8.15 

* 

2 

0.099 

2.500 

8.10 

81.72 

3 

0.1037 

2.500 

7.05 

68.45 

4 

0.105 

2.500 

7.15 

68.10 

Average 

>72.76 

Std.  Dev. 

7.76 

*No  Break 
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(e)  SHEAR  STRENGTH  AT  50 *C 


Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width,  in. 

Area,  in2 

Load,  lbs 

psi 

1 

1.001 

0.505 

1120 

2,220 

2 

1.001 

0.482 

1186 

2,460 

3 

1.001 

0.488 

1248 

2,550 

Average 

2,410 

Std.  Dev. 

170 

(f) 

SHEAR  STRENGTH  AT 

ROOM  TEMPERATURE 

Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width, 

in.  Thickness,  in. 

Load,  lbs 

psi 

1 

0.251 

0.102 

269 

7,850 

2 

0.251 

0.103 

282 

8,200 

3 

0.251 

0.104 

245 

7,020 

4 

0.251 

0.104 

284 

8,140 

5 

0.251 

0.105 

270 

7,690 

Average 

7,780 

Std.  Dev. 

470 
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Table  4 

Material  Properties  for  3M-SP250 


(a)  TENSILE  -  FIBER  DIRECTION 


Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load ,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

0.498 

0.0335 

3164 

189,600 

6.74 

2 

0.497 

0.0333 

2998 

181,200 

6.74 

3 

0.497 

0.0328 

3087 

189,300 

6.67 

Average 

186,700 

6.72 

Std.  Dev. 

4,800 

0.04 

(b)  TENSILE  -  TRANSVERSE-TO-FIBER  DIRECTION 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

0.998 

0.0400 

234 

5,850 

2.33 

2 

0.999 

0.0393 

260 

6,630 

2.31 

3 

1.000 

0.0390 

288 

7,380 

2.44 

Average 

6,200 

2.36 

Std.  Dev. 

770 

0.07 
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(C)  FLEXURAL 

Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Thickness,  in. 

Maximum 
Load,  lbs 

Ultimate 
Strength,  psi 

Modulus, 

msi 

1 

1.000 

0.0725 

\ 

309 

202,500 

6.86 

2 

1.000 

0.0729 

306 

198,900 

6.60 

3 

1.000 

0.0717 

293 

196,800 

6.61 

4 

1.000 

0.0715 

298 

200,800 

6.74 

5 

1.000 

0.0718 

291 

194,700 

6.62 

Average 

198,700 

6.69 

Std.  Dev. 

3,100 

.23 

(d) 

IMPACT  (Izod) 

Specimen 

Specimen  Dimensions 

Load 

S 

No. 

Width,  in. 

Length,  in. 

lbs 

ft-lbs/in. 

1 

0.1015 

2.500 

8.1 

79.8 

2 

0.1015 

2.500 

- 

* 

3 

0.1011 

2.500 

8.2 

80.1 

4 

0.1008 

2.500 

7.8 

77.4 

5 

0.1004 

2.500 

7.3 

72.7 

Average 

>77.5 

Std.  Dev. 

3.4 

*No  Break 
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(e)  SHEAR  STRENGTH  AT  50*C 


Specimen 

No. 

Specimen  Dimensions 
Width,  in.  Area,  in2 

Maximum 
Load ,  lbs 

Strength 

psi 

1 

1.000 

0.509 

1312 

2,580 

2 

1.000 

0.512 

1312 

2,560 

3 

0.999 

0.497 

1310 

2,640 

Average 

2,590 

Std.  Dev. 

40 

(f)  SHEAR  STRENGTH  AT 

ROOM  TEMPERATURE. 

Specimen 

Specimen  Dimensions 

Maximum 

Strength 

No. 

Width,  in. 

Thickness,  in. 

Load,  lbs 

psi 

1 

0.250 

0.129 

459 

10,630 

2 

0.250 

0.128 

474 

11,130 

3 

0.251 

0.132 

441 

10,020 

4 

0.251 

0.130 

483 

11,120 

5 

0.251 

0.129 

446 

10,310 

Average 

10,640 

Std.  Dev. 

490 
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Table  5 

Adhesive  Properties: 

Lap  Shear  for  High-Strength 
Graphite-Epoxy  Bonded  to  Steel 


Adhesive 

Specimen 

Specimen  Dimensions 

Maximum 

Average  Shear 

System 

No. 

Width,  in. 

Length,  in. 

Load ,  lbs 

Strength,  psi 

3MAF13 

1 

0.978 

0.984 

3516 

3,650 

2 

0.984 

1.008 

3593 

3,620 

3 

0.995 

1.021 

3715 

3,660 

4 

0.983 

1.007 

2660 

2,700 

Average 

3,410 

Std.  Dev. 

470 

Hysol 

EA9628 

1 

0.987 

1.009 

1279 

1,280 

2 

0.973 

0.996 

4089 

4,220 

3 

0.995 

1.016 

3373 

3,340 

4 

0.951 

0.969 

1764 

1,850 

Average 

2,670 

Std.  Dev. 

1,490 

Metlbond 

1 

0.991 

1.025 

2557 

2,520 

1133 

2 

0.983 

1.007 

4221 

4,260 

3 

0.988 

1.018 

3593 

3,570 

4 

0.985 

1.013 

4101 

4,110 

Average 

3,620 

Std .  Dev 


790 


Adhesive 

Specimen 

Specimen  Dimensions 

Maximum 

Average  Shear 

System 

No. 

Width,  in. 

Length,  in. 

Load,  lbs 

Strength,  psi 

Cyanamid 

1 

0.974 

1.003 

2161 

2,210 

FM-73M 

2 

0.927 

1.034 

3208 

3,360 

3 

0.921 

1.029 

2668 

2,820 

4 

0.937 

1.008 

2745 

2,910 

Average 

2,830 

Std.  Dev. 

470 
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DESIGN  STUDIES 


3.1  Leaf  Spring  Assemblies 


The  objective  of  this  program  was  to  develop  lightweight  experimental  truck 
components  fabricated  from  synthetic  materials.  For  this  prototype  program* 

P/N  7409613  (rear  spring  assembly)  and  P/N  7411110  (front  spring  assembly)  for 
the  5-ton  truck  were  two  of  the  chosen  components. 

3.1.1  Design  Criteria 


The  general  design  criteria  for  the  composite  material  leaf  springs  designs 
are  structural  integrity,  40-50+%  weight  savings  when  compared  with  the 
present  parts,  interchangeability  of  the  prototype  parts  with  the  present 
parts,  and  cost.  Structural  integrity  was  the  major  design  criteria.  Since 
this  is  a  prototype  program,  interchangeability  of  parts  was  also  considered 
important.  Cost  and  weight  savings  were  considered  to  be  of  equal  importance. 

For  both  the  front  and  rear  spring  assemblies  the  general  requirements  can 
be  summarized  as  follows: 

a.  The  designs  are  to  use  at  least  a  steel  main  leaf  to  ensure 
structural  integrity.  For  the  front  spring,  this  will  maintain  a 
steel  spring  eye  in  a  steel  leaf;  it  is  known  that  the  complex  stress 
distribution  in  the  eye  area  can  be  handled  by  such  a  design.  For 
the  rear  spring,  this  will  provide  a  wear  surface,  with  the  remainder 
of  the  suspension  system,  of  known  characteristics. 

b.  The  supporting  leaves  shall  be  fiber-reinforced  composite  for  reduced 
weight.  Weight  reductions  of  50%  are  anticipated.  Cost  shall  be  a 
determining  factor  as  to  which  fiber-reinforced  composite  is  chosen 
for  the  final  design. 

c.  Areas  of  the  composite  leaves  that  contact  other  materials  shall  be 
suitably  protected  from  stress  risers  due  to  cutting,  abrasion,  heat 
build-up  and/or  indentation  which  might  result  in  premature  failure. 

d.  The  design  shall  be  interchangeable  with  the  present  steel  multi-leaf 
designs  without  modification  to  suspension  components.  For  the  rear 
spring  this  implies  that  two  steel  leaves  be  maintained  because  of  the 
dimensional  envelope  restraints  of  the  brackets. 

e.  Means  shall  be  provided  for  leaf  alinement  to  simplify  installation 
and  to  prevent  dislocation  in  service. 

f.  Present  production  frame  height  should  not  be  altered. 
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The  performance  requirements  to  be  met  by  each  spring  assembly  are  as 
follows : 

Rear  Spring  Assembly 

a.  The  rated  load  capacity  shall  be  15,810  pounds  at  the  spring  pad. 

b.  The  unclamped  spring  rate  at  the  rated  load  capacity  shall  be  5,983 
pounds  per  inch. 

c.  The  design  shall  be  capable  of  withstanding  the  following  maximum 
in  service  loads: 

(1)  Vertical  Load  -  2g  (rated  load  +  lg  *  31,620  pounds) 

(2)  Transverse  Load  -  0.75g  (11,850  pounds) 

Front  Spring  assembly 

a.  The  rated  load  capacity  shall  be  5,560  pounds  at  the  spring  pad. 

b.  The  unclamped  spring  rate  at  the  rated  load  capacity  shall  be  2,780 
pounds  per  inch. 

c.  The  design  shall  be  capable  of  withstanding  the  following  maximum 
in  service  loads: 

(1)  Vertical  Load  -  2g  (rated  load  +  lg  *  11,120  pounds) 

(2)  Transverse  Load  -  0.75g  (4,170  pounds) 

(3)  Longitudinal  Load  -  0.8g  (4,448  pounds) 

d.  The  design  shall  withstand  acceleration  and  braking  windup  torques 
of  39,817  inch-pounds  at  the  axle  seat. 

Both  Assemblies 


a.  The  design  shall  be  capable  of  sustaining  11*  of  longitudinal  twist 
from  the  axle  seat  to  the  eye  when  a  2g  vertical  load  is  applied. 

b.  The  design  shall  meet  the  performance  requirements  at  ambient  tempera¬ 
tures  ranging  from  -40*F  to  +160*F  on  a  vehicle  loaded  to  rated  capacity. 

c.  The  impact  strength  shall  be  suitable  to  meet  life  requirements. 

d.  Physical  properties  shall  not  deteriorate  when  exposed  to  any  vehicle 
fluids,  i.e.,  gasoline,  diesel  fuel,  windshield  washer  fluid,  trans¬ 
mission  and  axle  lubes,  engine  oils,  antifreeze,  ether,  freon,  brake 
fluid,  battery  acids  and  steering  fluid. 
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e.  The  design  shall  be  suitably  protected  from  excessive  heat  build-up 
due  to  internal  friction,  interleaf  friction  and/or  accumulation  of 
foreign  matter  such  as  mud,  stones,  dust  or  salt. 

f.  The  design  shall  be  capable  of  withstanding  and  maintaining  a  150,000 
pound  clamp  load,  exerted  by  the  U-bolts  at  axle  seat  while  in  service. 

The  spring  assemblies  shall  be -laboratory  tested  for  static  load  and  rate 
as  well  as  undergo  development  fleet  durability  and  fatique  testing. 

3.1.2  Trade  Study 


To  meet  the  general  requirements  of  interchangeability  of  the  present  and 
prototype  spring  assemblies,  two  steel  leaves  are  maintained  for  both  the  rear 
and  front  springs. 

The  rear  assembly  must  fit  into  brackets  at  the  ends  of  the  spring.  These 
limit  the  total  spring  tip  height.  Since  composite  materials  have  poor  shear 
strength,  the  composite  leaves  must  all  be  of  the  same  length.  Thus,  two 
steel  leaves,  each  54  inches  long,  will  be  employed  along  with  composite 
support  leaves  that  are  49  inches  long. 

The  front  assembly  requires  maintaining  the  present  steel  main  leaf  because 
of  the  eye  area.  The  second  steel  leaf  is  needed  because  of  the  longitudinal 
load  taken  by  the  military  wrap.  Thus,  if  possible,  the  currently  employed 
first  and  second  steel  leaves  will  be  used  in  the  new  design. 

For  comparison  purposes,  both  front  and  rear  springs  will  be  designed  using 
the  two  steel  leaves  from  the  present  multileaf  steel  designs  with  support  leaves 
of: 

a.  graphite-epoxy 

b.  fiberglass-epoxy 

c.  a  sandwich  construction  using  graphite-epoxy  faces 
and  a  fiberglass-epoxy  core 

These  comparisons  are  shown  in  Tables  6  and  7. 

For  the  rear  spring  assembly,  the  fiberglass-epoxy  design  results  in  the 
least  number  of  leaves.  It  also  produces  a  50%  weight  savings.  On  the  basis 
of  material  costs  using  1980  anticipated  prices: 

Material  System  Cost,  Dollars/Pound 

Steel  0.50 

Fiberglass-Epoxy  7.00 

Graphite-Epoxy  34.00 
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The  three  designs  would  have  estimated  material  costs  of: 


_ For  Spring  Leaves _ 

Design  of  Materials  Cost,  Comparative 

Support  Leaves  Dollars  Materials  Cost 


Graphite-Epoxy  1778  3.49 

Sandwich  Construction  1054  2.07 

Fiberglass-Epoxy  509  1.00  (Ref) 

Thus,  on  the  basis  of  materials  and  fabrication  costs,  the  chosen  design  for  the 

rear  spring  assembly  is: 

a.  two  steel  leaves 

b.  support  leaves  of  fiberglass-epoxy 

All  the  front  spring  assembly  designs  have  the  same  number  of  support 
leaves  and  all  have  a  weight  savings  of  at  least  50%.  The  estimated 
material  costs  for  the  different  designs  are  shown  below: 

_ For  Spring  Leaves _ 


Design  of  Materials  Cost,  Comparative 

Support  Leaves  Dollars  Materials  Costs 


Gr  aph ite-Epoxy 

517 

2.66 

Fiberglass-Epoxy 

194 

1.00  (Ref) 

Sandwich  Construction 

277 

1.43 

Fiberglass-epoxy  support  leaves  are  chosen  on  the  basis  of  cost.  Another 
reason  for  choosing  fiberglass-epoxy  support  leaves  is  their  damage  tolerance: 
fiberglass-epoxy  is  approximately  twice  as  good  as  graphite-epoxy. 
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Table  6 


REAR  SPRING  ASSEMBLY 
RESULTS  OF  MATERIALS  STUDY 


MATERIAL  SYSTEM 

FOR  SUPPORT  LEAVES 

NUMBER  OF 
LEAVES 

WEIGHT  OF  LEAVES,  POUNDS 

STEEL 

MAIN  SUPPORT 

LEAVES  LEAVES 

l 

TOTAL 

High-Strength 

Graphite-Epoxy 

2  +  7 

74.9 

51.2 

126.1 

E-Type 

Fiberglass-Epoxy 

2  +  5 

74.9 

67.4 

142.3 

Sandwich  Construction 
of  Graphite-Epoxy 

Faces  and  Fiberglass- 
Epoxy  Core 

2  +  8 

74.9 

68.5 

(19.9  of  graphite 

48.6  of  glass) 

143.4 

Present  Steel  Design 

13 

74.9 

218.5 

293.4 
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Table  7 


FRONT  SPRING  ASSEMBLY 
RESULTS  OF  MATERIALS  STUDY 


MATERIAL  SYSTEM 

FOR  SUPPORT  LEAVES 

NUMBER  OF 

LEAVES 

WEIGHT  OF  LEAVES,  POUNDS 

STEEL 

MAIN  SUPPORT 

LEAVES  LEAVES 

TOTAL 

High-Strength 

Gr  aph i te-Epoxy 

2  +  2 

48.6 

14.5 

63.1 

E-Type 

Fiberglass-Epoxy 

2  +  2 

48.6 

24.4 

73.0 

Sandwich  Construction 
of  Graphite-Epoxy 
Faces  and  Fiberglass- 
Epoxy  Core 

2  +  2 

48.6 

19.1 

(4.4  of  graphite 

14.7  of  glass) 

67.7 

Present  Steel  Design 

11 

48.6 

100.4 

149.0 
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3.1.3 


Analysis  of  Composite  Assemblies 


a.  Starting  Point  for  Analysis  of  Fiberglass-Epoxy  Designs 


The  starting  point  for  the  final  design  is  the  requirement  of  the  vertical 
load  to  be  carried  by  the  spring.  This  load  is  to  be  applied  to  the  spring  150,000 
times  without  failure.  The  material  system  to  be  used  is  fiberglass-epoxy. 

Typical  fatique  curves  for  fiberglass-epoxy  are  given  in  Figure  1.  The 
flexural  fatique  properties  are  taken  as: 

Axial  Modulus  =  5.5  msi 
Flexural  Strength  =  55,000  psi 

This  means  that  the  material  is  assumed  to  be  exposed  to  a  maximum  stress  of 
55,000  psi  and  an  alternating  stress  of  about  25,000  psi.  This  implies  a  fatique 
life  of  greater  than  1,000,000  cycles,  as  shown  in  Figure  1. 

The  fatique  shear  strength  is  taken  as  4,000  psi;  the  static  allowable 
shear  strength  is  8,000  psi.  Thus,  as  seen  in  Figure  2,  the  fatique  life  is 
greater  than  1,000,000  cycles. 

The  density  of  fiberglass-epoxy  is  0.073  pounds/inch^ . 
b.  Analysis  of  Rear  Spring  Assembly 

The  dimensions  of  the  present  steel  spring  are  given  in  the  TACOM  drawing 
for  P/N  7409613.  For  the  analysis  of  the  load  distribution,  the  spring  is 
taken  in  the  flat  condition.  Thus,  the  distance  from  the  support  to  the 
center  bolt  is  27.00  inches. 

Because  of  the  brackets  currently  used  at  the  spring  support,  only  the  first 
two  leaves  can  extend  the  full  54  inches.  The  maximum  length  allowable  for 
the  other  leaves  is  49  inches  if  these  brackets  are  to  be  used  in  the  redesign. 
Composite  materials  have  poor  fatique  shear  strength  compared  to  metals.  This 
means  that  all  composite  leaves  must  be  of  the  same  length  if  major  weight 
penalties  are  not  to  be  incurred.  Therefore,  two  steel  leaves,  each  spanning 
between  the  supports,  will  be  used.  The  composite  leaves  will  all  be  49 
inches  long.  The  preliminary  designs  presented  above  do  not  include  this 
length  restriction.  The  fiberglass-epoxy  support  leaf  case  has  been  investiga¬ 
ted  with  this  restriction  and  the  results  are  presented  below. 

The  preliminary  design  with  composite  leaves  being  49  inches  long  would 
result  in  a  maximum  flexural  stress  in  the  steel  leaves  of  198,000  psi.  The 
maximum  flexural  stress  in  the  multi-leaf  steel  design  is  158,000  psi.  There 
are  three  means  of  reducing  the  maximum  stress  in  the  hybrid  design  to  158,000 
psi: 
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FIGURE  1  GLASS-EPOXY  FLEXURAL  FATIQUE 
RESULTS 


FIGURE  2  GLASS-EPOXY  INTERLAMINAR  SHEAR 
FATIQUE  RESULTS 
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a.  Reduce  the  thickness  of  the  steel  leaves 

b.  Change  the  initial  curvature  of  the  steel  leaves 
so  that  a  pre-load  would  negate  this  additional 
stress 

c.  Increase  the  number  of  support  leaves 

Maintaining  the  current  steel  leaves  results  in  the  highest  structural  integrity. 
To  minimize  weight,  option  b.  was  investigated  and  found  to  yield  the  required 
stress  redistribution. 

Using  the  0.558-inch  thick  steel  leaves  gives  the  following  stress  analysis 
results: 


a.  Steel  Main  Leaf 

The  0.558-inch  thick  present  steel  main  leaf  has  a  spring 
rate  of  530  pounds/inch: 


C  »  PL3 
48EI 

E  *  30  x  10®psi 

1  °  1  (4)  (0.558) 3 

12 

where 

S  =  deflection  under  the  load  P 

thus 

P/f  *  530  pounds/inch 
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(2)  The  composite  leaves,  therefore,  need  to  have  a  spring  rate 
of 


K  ■  5,983  -  2(530)  ■  4,923  pounds/inch 

Because  the  composite  leaves  are  only  49  inches  long,  they 
must  be  designed  to  a  spring  rate  of 

K  ■  4,923  (27) ^  *  6,231  pounds/inch 

24 

The  length  of  24  inches  was  chosen  from  considerations  of 
the  load  transfer. 

The  portion  of  the  vertical  load  carried  by  the  steel  main  leaves 
is: 


Load  in  Steel  Leaves  *  1,060  (31,620)  ■  5,602  pounds 

5,983 

Thus,  the  design  criteria  for  the  composite  leaves  are: 

Spring  rate  -  6,231  pounds/inch 

Load  -  (27)  (31,620  -  5,602)  -  (1.13)  [26,018]  -  29,270  pounds 

24 

where  the  factor  is  required  because  of  the  shorter  composite  leaves. 
Using  these  and  the  material  properties  in  the  composite  program  for 
leaf  springs  developed  by  EEMD,  gives  a  spring  assembly  of  two  steel 
leaves,  each  0.558  inch  thick,  and  five  fiberglass-epoxy  leaves.  The 
composite  leaves  are  tapered  with  a  seat  thickness  of  1.432  inches  per 
leaf  and  a  tip  thickness  of  0.724  inches  per  leaf.  They  are  all  of  the 
same  length  and  span.  The  total  weight  of  the  spring  leaves  is: 

74.9  pounds  of  steel 
72.3  pounds  of  fiberglass-epoxy 
147.2  pounds  total 

This  is  a  49.8%  weight  savings  over  the  multileaf  steel  spring. 

This  results  in  a  stack  height  for  the  composite  spring  of  8.576  inches 
this  is  1.322  inches  more  than  the  present  steel  spring.  However,  frame 
height  of  the  vehicle  is  unchanged. 

Accepting  this  design  as  final,  an  analysis  of  it  is  performed  to  show 
that  is  meets  the  other  design  criteria. 
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c.  General  Design  Requirements 

The  design  given  previously  meets  the  general  design  requirements  (see 


a.  The  design  utilizes  two  steel  leaves;  this  insures  the 
structural  integrity  of  the  attaching  member  since  it  employs 
the  presently  used  leaves 

b.  The  supporting  leaves  are  of  fiber glass- epoxy;  the  weight  of 
the  spring  assembly  has  been  reduced  by  more  than  145  pounds 
through  this  redesign 

c.  The  composite  leaves  have  wear  pads  between  them  and  the  other 
components  of  the  spring  assembly  to  protect  them 

d.  The  steel  fiberglass  design  is  interchangeable  with  the  present 
-  steel  design 

e.  To  provide  leaf  alignment,  a  center  bolt  will  be  used.  This 
bolt  is  in  an  area  of  zero  bending  load  if  the  seat  clamp  is 
tight.  As  such,  the  stress  concentration  in  the  composite  due 
to  the  hole  is  not  a  problem.  If  the  seat  clamp  is  not  tight, 
some  stress  will  exist  in  the  leaves  in  the  area  of  the  hole. 

In  the  composite,  the  stress  concentration  factor  caused  by  the 
hole  is  approximately  6,  whereas  in  steel  the  factor  is  about  4 
(see  Advances  in  Joining  Technology,  J.  Burke,  A.  Gorum,  and 

A.  Tarpinian,  1976,  p.  405-452).  Thus,  the  use  of  a  center  bolt 
is  acceptable. 

f.  Frame  height  has  not  been  altered 

d.  Performance  Requirements  for  Spring  Assembly 

Some  of  the  performance  requirements  for  the  spring  assembly  were 
criteria  of  the  design  process: 

a.  The  unclamped  spring  rate  of  the  assembly  is  5,983  pounds/inch. 

b.  The  spring  has  a  design  life  of  150,000  cycles  under  the  verti¬ 
cal  load  of  31,620  pounds. 

c.  Fiberglass-epoxy  has  the  required  impact  resistance  to  meet 
life  requirements. 

d.  The  properties  used  for  fiberglass-epoxy  in  the  design  are 
appropriate  for  the  temperature  range  of  -40#F  to  160*F.  These 
properties  do  not  deteriorate  when  exposed  to  vehicle  fluids. 
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e.  The  design  has  wear  pads  between  the  composite  leaves  to  protect 
them  £rom  wear  and  excessive  heat  buildup  due  to  friction.  Hear 
pads  have  been  used  in  previous  designs  without  accumulation  of 
foreign  matter  in  the  spring  assembly. 

The  remaining  performance  requirements  must  be  investigated. 

a.  The  design  shall  be  capable  of  withstanding  a  transverse  load  of 
0.75g  *  11,850  pounds.  This  load  acts  on  the  steel  main  leaf  and 
causes  a  maximum  shear  stress  of: 

T  *2  02 i£50/2_)  -  3,982  psi 
2  4  x  0.558 

The  fatique  allowable  shear  stress  in  the  steel  is  greater  than  40,000  psi. 

b.  The  design  shall  be  capable  of  sustaining  11*  of  longitudinal 
twist  from  the  axle  seat  to  the  eye  when  the  31,620  pound 
vertical  load  is  applied. 

Consider  a  steel  leaf  of  the  dimensions  shown  in  Figure  3.  This  beam  is  clamped 
at  one  end  and  has  a  11*  twist  at  the  other.  Using  formulae  developed  in  Theory 
of  Elasticity  by  S.  Timoshenko  and  J.  N.  Goodier,  the  torque  T  required  is: 

T  ■  C2  G  a  b3 
L 

where 

^  *  11*  »  0.192  radians 

L  "23.50  inches 
a  *  4,  b-  0.558,  C£  *  0.300 
G  -  11.54Msi 


then 

T  -  19,660  lb-in. 

The  maximum  shear  stress  resulting  from  this  load  is: 


r 


Cl  T 

~7b2 


where 

Ct  -  3.34 


or 

r  -  52.725  psi 
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Since  the  present  steel  design  has  to  meet  this  same  criterion,  this  stress  level 
is  therefore  acceptable.  It  is  below  the  maximum  allowable  shear  stress. 

The  composite  leaves  can  be  analyzed  assuming  that  the  load  resultant  of  30,544 
pounds  takes  place  at  each  end  of  the  spring  as  shown  in  Figure  4. 

It  is  shown  below  that,  with  the  preload,  the  load  to  be  carried  by  the  composite 
leaves  is  30,544  pounds. 

This  causes  an  applied  torque  on  the  leaves  of: 

T  =  (30,544)  (2) 

2 

=  30,544  inch-pounds 
or,  per  leaf 

T  =  30,544  =  6,109  inch-pounds 

5 

This  results  in  a  maximum  shear  stress  of: 

r  -  _t 

ab2 

a  *  4,  b=  0.724,  c^  *  3.42 

T  -  3.42  6,109 

(4)  (0.724) 2 

T  -  9,965  psi 

The  shear  allowable  is  12,000  psi?  the  margin  of  safety  is  then 
20.4%. 

c.  The  design  shall  be  capable  of  withstanding  and  maintaining  a 
150,000  pound  clamp  load,  exerted  by  the  U-bolts,  at  axle  seat 
while  in  service. 

The  plate  area  for  the  seat  clamp  is: 

A  =  11. 5x4  *46.0  inches2 
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FIGURE  3  STEEL  MAIN  LEAF  UNDER  AN 
APPLIED  TORQUE  LOAD 


FIGURE  4  LOADING  ON  COMPOSITE  LEAVES 
DUE  TO  AN  APPLIED  TORQUE 


A  clamping  load  of  150,000  pounds  thus  causes  a  compressive 
stress  in  the  leaves  of: 

<T=  150,000  =  3,260  psi 

46.0 

The  allowable  compressive  stress  in  the  composite  is  16,000 
psi  while  that  in  the  steel  is  greater  than  40,000  psi. 

e.  Stresses  in  Steel  Main  Leaf  in  Final  Design 


The  SAE  Manual  on  Design  and  Appliction  of  Leaf  Springs,  SAE  J788a, 
1970,  gives  formulae  for  symmetrical  semi-elliptic  leaf  springs.  The 
equation  for  maximum  normal  stress  in  the  spring  is: 

O'  =*  3LP 
2wNt2 

where 

L  is  shown  in  the  figure  below 
t  a  thickness  of  leaves 
N  =  number  of  leaves 
w  =  width  of  leaves 


Spring  Geometry 

For  the  presently  used  steel  design: 

w  -  4  inches 
t  =  0.558  inch 
N  =  13 

L  =  54.00  inches 

and,  thus,  the  maximum  normal  stress  under  the  fatique  load  of  31,620 
pounds  is: 

<T  «  3(54)  (31,620) 

2(4)  (13)  (.558) 2 

<7*  »  158,200  psi 
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One  method  for  analytically  determining  the  maximum  stress  in  the  steel 
leaves  of  the  hybrid  design  is  to  note  the  measurements  of  the  deflections  and 
stresses  in  very  accurately  made  multileaf  springs  have  shown  that  the  same 
formulae  apply  as  if  it  were  a  one-leaf  spring  of  appropriate  width.  This  is 
a  preliminary  procedure  for  determining  the  lengths  of  the  leaves  in  a  multi¬ 
leaf  spring.  To  apply  this  method  to  the  hybrid  spring  design,  the  width  of 
the  composite  leaves  must  be  adjusted  to  simulate  the  constant  thickness  steel 
leaves: 


(EI)composite  leaf  *  (EI)  simulated  leaf 


where 


(EI)  simulated  leaf 


and 


-  E  steel  (1  )  (b)  (t3) 
12 


t  *  thickness  of  steel  main  leaf 
b  -  resulting  width  of  simulated  leaf 


Using  this  process,  the  stresses  in  the  steel  leaves  of  the  hybrid  design 
were  calculated.  For  the  case  of  0.558  inch  thick  steel  leaves,  the  maximum 
normal  stress  is  198,000  psi.  This  is  greater  than  in  the  current  steel  spring; 
it  may  be  reduced  to  158  ksi  by  introducing  a  preload.  This  will  place  an  addi¬ 
tional  1,274  pound  load  in  the  composite  leaves.  Analysis  of  the  composite 
leaves  under  this  load  yields  a  maximum  flexural  stress  (in  the  composite  leaves) 
of  54  ksi.  This  is  acceptable. 

f .  Analysis  of  Front  Spring  Assembly 

The  dimensions  of  the  present  steel  spring  are  given  in  the  TACOM  drawing 
for  P/N  7411110.  For  the  analysis  of  the  load  distribution,  the  spring  is  taken 
in  the  flat  condition.  Thus,  the  distance  from  the  eye  to  the  center  bolt  is 
25  inches. 


For  the  three-inch  wide  leaves,  the  results  are: 

(1)  Steel  Main  Leaf 

The  0.447  inch  thick  present  steel  main  leaf  has  a  spring  rate  of 
268  pounds/inch: 
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8  -  jaL 

48EI 

E  =  30  x  106psi 

1=1  (3)  (.447) 3 

12 

where 

S  -  deflection  under  the  load  P 


thus 

P/^  =  268  pounds/inch 

(2)  The  composite  leaves,  therefore,  need  to  have  a  spring  rate 
of: 

K  *  2,780  -  2(268)  =  224  pounds/inch 

The  portion  of  the  vertical  load  carried  by  the  steel  main 
leaf  is: 

Load  in  Steel  Leaf  =  (268)  (11,120)  =  1,072  pounds 

2,780 

Thus,  the  design  criteria  for  the  composite  leaves  are: 

Spring  rate  =  2,244  pounds/inch 

Load  =  11,120  -  2,144  =  8,976  pounds 

Using  these  and  the  material  properties  in  the  composite  program  for 
leaf  springs  developed  by  EEMD  gives  a  spring  assembly  of  two  steel  leaves, 
each  0.447  inch  thick,  and  two  fiberglass-epoxy  leaves.  The  composite  leaves 
are  tapered  with  a  seat  thickness  of  1.60  inches  per  leaf  and  a  tip  thickness 
of  0.643  inch  per  leaf.  Both  are  of  the  same  length  and  span  between  the  two 
end  supports.  The  total  weight  of  the  leaves  is: 
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48.6  pounds  of  steel 

24.4  pounds  of  fiberglass-epoxy 

73.0  pounds  total 

The  result  of  this  design  is  a  stack  height  of  4.2  inches;  this  is  0.70 
inches  less  than  the  present  steel  spring  and  will  change  the  frame  height  of 
the  vehicle.  ttiis  will  be  increased  to  match  present  stack  height  by  using 
risers  in  the  final  design. 

Accepting  this  design  as  final/  an  analysis  is  performed  to  show  that 
it  meets  the  other  design  criteria. 

g.  General  Design  Requirements 


The  design  given  above  meets  the  general  design  requirements  (see  Section 


(1)  The  design  utilizes  two  steel  leaves;  this  ensures  the  structural 
integrity  of  the  attaching  member  since  it  employs  the  presently 
used  leaves. 

(2)  The  supporting  leaves  are  of  fiberglass-epoxy;  the  weight  of 
the  spring  assembly  has  been  reduced  by  more  than  76  pounds 
through  this  redesign  (neglecting  riser  plates) 

(3)  The  composite  leaves  have  wear  pads  between  them  and  the  other 
components  of  the  spring  assembly  to  protect  them 

(4)  The  steel-fiberglass  design  is  interchangeable  with  the  present 
steel  design 

(5)  To  provide  leaf  alinement,  a  center  bolt  will  be  used.  This 
bolt  is  in  an  area  of  zero  bending  load  if  the  seat  clamp  is 
tight.  As  such,  the  stress  concentration  in  the  composite  due 
to  the  hole  is  not  a  problem.  If  the  seat  clamp  is  not  tight, 
some  stress  will  exist  in  the  leaves  in  the  area  of  the  hole. 

In  the  composite,  the  stress  concentration  factor  caused  by  the 
hole  is  approximately  6,  whereas  in  steel  the  factor  is  about  4 
(see  Advances  in  Joining  Technology,  J.  Burke,  A.  Gorum,  and 

A.  Tarpinian,  1976,  p.  405-452).  Thus,  the  use  of  a  center  bolt 
is  acceptable. 

(6)  Frame  height  has  been  altered;  risers  will  be  added  in  the  final 
design  to  eliminate  this  problem. 
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h.  Performance  Requirements  for  Spring  Assembly 


Some  of  the  performance  requirements  for  the  spring  assembly  were  criteria 
on  the  design  process: 

(1)  The  unclamped  spring  rate  of  the  assembly  is  2,780  pounds/inch. 

(2)  The  spring  has  a  design  life  of  150,000  cycles  under  the  vertical 
load  of  11,120  pounds. 

(3)  Fiberglass-epoxy  has  the  required  impact  resistance  to  meet  life 
requirements. 

(4)  The  properties  used  for  f ibeglass-epoxy  in  the  design  are 
appropriate  for  the  temperature  range  of  -40  *F  to  +160*F.  These 
properties  do  not  deteriorate  when  exposed  to  vehicle  fluids. 

(5)  The  design  has  wear  pads  between  the  composite  leaves  to  protect 
them  from  wear  and  excessive  heat  build-up  due  to  friction.  Wear 
pads  have  been  used  in  previous  designs  without  accumulation  of 
foreign  matter  in  the  spring  assembly. 

The  remaining  performance  requirements  must  be  investigated. 

(1)  The  design  shall  be  capable  of  withstanding  a  transverse  load  of 
0.75g  a  4,170  pounds.  This  load  acts  on  the  steel  main  leaf  and 
causes  a  maximum  shear  stress  of: 

T  -  3  (4,170/2)  =  2,332  psi 

2  3  x  .447 

The  fatique  allowable  shear  stress  in  the  steel  is  greater  than 
40,000  psi. 

(2)  The  design  shall  be  capable  of  withstanding  a  longitudinal  load 
of  .8g  =  4,448  pounds.  This  load  acts  on  the  steel  main  leaf  and 
results  in  a  normal  stress  of: 

<r  «.  4'448  "  3'317  Psi 

3  (.447) 

Fatique  allowable  stress  in  the  steel  is  80,000  psi. 

(3)  The  design  shall  be  capable  of  sustaining  11*  of  longitudinal 
twist  from  the  axle  seat  to  the  eye  when  the  11,120  pound  verti¬ 
cal  load  is  applied. 
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Consider  a  steel  leaf  of  the  dimensions  shown  in  Figure  5.  The  beam  is  clamped  at 
one  end  and  has  a  11*  twist  at  the  other.  Using  formulae  developed  in  Theory  of 
Elasticity  by  S.  Timoshenko  and  J.  N.  Goodier,  the  torque  T  required  is: 

T  9  Co  G  a  b^ 

0  L 

where 

0-11*  -  0.192  radians. 

L  *  20.75  inches 
a  *  3,  b  *  0.447,  C2  *  0.298 
G  *  11.54  Msi 

then 

T  *  8526  inch-pounds 

The  maximum  shear  stress  resulting  from  this  loading  is: 


T  *  C1  T  , 

ab2 

where 

c-j  *  3.36 
or 

*T  -  47,790  psi 


Since  the  present  steel  design  has  to  meet  this  same  criterion,  this  stress  level 
is  therefore  acceptable.  It  is  below  the  maximum  allowable  shear  stress. 

The  composite  leaves  can  be  conservatively  analyzed  assuming  that  the  load  resultan 
of  8,976  pounds  takes  place  at  each  end  of  the  spring  as  shown  in  Figure  6. 

This  causes  an  applied  torque  on  the  leaves  of: 

T  -  (8,976)  (1.5) 

2 

*  6,732  lb-in. 
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or,  per  leaf 

T  ■  6,732  *  3,366  inch-pounds 

2 

This  results  in  a  maximum  shear  stress  of: 


a  -  3,  b  *  0.643,  ct  -  3.47 

T  *  3.47  3,366 

(3)  ( .643) 3 

T  -  9,417  psi 

The  shear  allowable  is  12,000  psi;  the  margin  of  safety  is  then 
21.5%. 

(4)  The  design  shall  withstand  acceleration  and  braking  windup 
torques  of  39,817  inch-pounds  at  the  axle  seat. 

The  reactions  due  to  the  applied  torque  are  796  pounds  as 
shown  in  Figure  7. 

Since  the  spring  design  is  based  on  the  fatique  condition,  this 
additional  vertical  loading  has  already  been  included  in  the 
analysis. 

(5)  The  design  shall  be  capable  of  withstanding  and  maintaining  a 
150,000  pound  clamp  load,  exerted  by  the  U-bolts  at  axle  seat 
while  in  service. 

The  plate  area  for  the  seat  clamp  is: 

A  *  8. 5x3  ■  25.5  inches3 

A  clamping  load  of  150,000  pounds  thus  causes  a  compressive 
stress  in  the  leaves  of: 

O'*  150,000  *  5,882  psi 

25.5 

The  allowable  compressive  stress  in  the  composite  is  16,000  psi 
while  that  in  the  steel  is  greater  than  40,000  psi. 
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50  inches 


FIGURE  7  WINDUP  TORQUE  FORCE 
REACTIONS 
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i.  Stresses  in  Steel  Main  Leaf  in  Final  Design 


The  SAE  Manual  on  Design  and  Application  of  Leaf  Springs ,  SAE  J788a, 

1970,  gives  formulae  for  symmetrical  semi-elliptic  leaf  springs.  The  equation 
for  maximum  normal  stress  in  the  spring  is: 


& 


*  3LP 
2wNt2 


where 

L  is  shown  in  the  figure  below 
t  *  thickness  of  leaves 
N  ■  number  of  leaves 
w  ■  width  of  leaves 


** -  L  - H 


Spring  Geometry 

For  the  presently  used  steel  design: 

w  «  3  inches 
t  ■  0.447  inch 
N  -  11 

L  >50.00  inches 

and,  thus,  the  maximum  normal  stress  under  the  fatique  load  of  11,120 

pounds  is: 

O*  -  3(50) (11,120)  -  126,485  psi 

2(3) (11) (.447) 2 

One  method  for  analytically  determining  the  maximum  stress  in  the  steel 
leaves  of  the  hybrid  design  is  to  note  that  measurements  of  the  deflections 
and  stresses  in  accurately  made  multileaf  springs  have  shown  that  the 
same  formulae  apply  as  if  they  were  a  one-leaf  spring  of  appropriate  width.  This 
is  a  preliminary  procedure  for  determining  the  lengths  of  the  leaves  in  a  multi¬ 
leaf  spring.  To  apply  this  method  to  the  hybrid  spring  design,  the  width  of 
the  conposite  leaves  must  be  adjusted  to  simulate  the  constant  thickness  steel 
leaves: 
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(EI) composite  leaf 


(EI) simulated  leaf 


where 

simulated  leaf  =  Esteel  (  1  ) (b) (t^) 

12 


and 

t  =  thickness  of  steel  main  leaf 
b  -  resulting  width  of  simulated  leaf 

Using  this  process ,  the  stresses  in  the  steel  leaves  of  the  hybrid 
design  were  calculated.  For  the  0.447  inch  thick  steel  leaves,  the 
maximum  normal  stress  is  89,177  psi.  Since  this  method  can  only  yield 
approximate  results,  it  is  concluded  that  this  stress  is  equivalent  to  or 
less  than  that  in  the  present  multileaf  steel  design.  Therefore,  the 
currently  used  steel  leaves  can  be  employed  in  the  composite  design. 

3.1.4  Chosen  Designs  for  Composite  Assemblies 


Figures  8  and  9  show  the  final  composite  designs  for  the  rear  and  front 
leaf  spring  assemblies.  These  designs  were  used  for  the  prototype  fabrica¬ 
tion  program. 
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ITEM  PART 
NO. 

1  10032-1 

2  10032-2 

3  10032-3 

4  10032-4 

5  10032-5 

6  10032-6 

7  10032-7 

8  10031-13 
Sheet  2 

9 

10 

11 

12  10031-14 
Sheet  2 

13 

14 

15 


QUAN.  PART  OR  MATERIAL  NAME 

REQD. 

1  Steel  Leaf  No.  1  from  TACOM  Assembly 

(7409613) 

1  Steel  Leaf  No.  2  from  TACOM  Assembly 

(7409613) 

1  Composite  Leaf  3M  SP-250-E 

1  Composite  Leaf  3M  SP-250-E 

1  Composite  Leaf  3M  SP-250-E 

1  Composite  Leaf  3M  SP-250-E 

1  Composite  Leaf  3M  SP-250-E 

1  Bolt, 1/2-20  UNF  2A  See  Dwg 

10031  Sheet  2 

1  Nut, 1/2- 20  UNF  2A  Std 

6  Spacer  See  Dwg  10032 

20  Near  Pad  See  Dwg  10032 

2  Clip  See  Dwg  10031  Sheet  2 

AR  Hysol  EA-8 

AR  Hysol  934 

AR  EA  3532 


Figure  8  (b)  COMPOSITE  REAR  SPRING  PARTS  LIST  (P/N  10032) 
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FIGURE  9  (b)  COMPOSITE  FRONT  SPRING  ASSEMBLY 


ITEM  PART 
NO. 


QUAN 

REQD 


1  10031-1  1 

2  10031-2  1 

3  10031-3  1 

4  10031-4  1 

5  10031-5  1 

Sheet  2 

6  1 

7  3 

8  8 

9  10031-9  2 

Sheet  2 

10  AR 

11  AR 

12  AR 


Figure  9  (c)  COMPOSITE 


PART  OR  MATERIAL  NAME 


Steel  Leaf  No.  1  from  TAOOM  Assembly 
(7411111) 

Steel  Leaf  No.  2  from  TACOM  Assembly 
(7411112) 

Composite  Leaf  3M  SP-250-E 

Composite  Leaf  3M  SP-250-E 

Bolt,  1/2-20  UNF-2A  See  Dwg 
10031  Sheet  2 

Nut,  1/2-20  ONF  2A  Std 

Spacer  See  Dwg  10031  Sheet  1 

Wear  Pad  See  Dwg  10031  Sheet  1 

Clip  See  Dwg  10031  Sheet  2 

Hysol  EA-8 
Hysol  934 
EA  3532 


iONT  SPRING  PARTS  LIST  (P/N  10031) 


3.2  Propeller  Shafts 


Two  propeller  shafts  for  the  5-ton  truck  were  chosen  for  study  as  part  of 
the  program  to  develop  lightweight,  experimental  truck  components.  We  studied 
two  5-ton  trucks.  The  design  results  for  all  four  shafts  are  presented  in  this 
section?  however,  only  two  of  the  shafts  were  fabricated. 

The  initial  contract  incorporated  an  internal  pressure  requirement  for  the 
shafts.  This  requirement  resulted  from  a  test  for  weld  strength  which  is  no 
longer  used  by  the  industry.  Therefore,  this  requirement  was  deleted. 

3.2.1  Design  Criteria 

The  design  studies  were  performed  for  the  following  four  shafts: 

P/N  8332248 
P/N  11669147 
P/N  8332245 
P/N  8332246 

For  all  designs,  the  structural  integrity  and  interchangeability  with 
existing  parts  were  considered  primary  design  criteria.  The  design  philosophy 
accepted  was  to  incorporate  a  composite  material  tube  with  end  sleeves  using 
the  existing  steel  tube  into  the  existing  end  fittings.  This  meets  the  inter¬ 
changeability  and  structural  integrity  criteria  including: 

a.  Maximum  Operating  Angle  for  the  two-joint  shaft  shall  be  3*40’ 
at  4,500  RPM. 

b.  Length  changes  shall  be  allowed  for  by  a  spline  yoke. 

c.  Excitation  Limits  shall  be  the  same  as  for  the  present  shaft: 

(1)  Torsional  excitation  limit  shall  be  taken  as  400  rad/sec2. 

This  is  controlled  by  the  universal  joints  employed. 

(2)  Inertia  excitation  limit  shall  be  taken  as  1,000  rad/sec2. 

This  is  a  function  of  driveshaft  tube  inertia. 

(3)  Secondary  couple  excitation  limit.  Hi  is  is  a  support 
controlled  condition. 

c.  Environmental  Conditions:  Designs  shall  meet  the  performance 
requirements  at  ambient  temperatures  ranging  from  -40 *F  to 
+160 *F. 
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a.  Design  Criteria  for  P/N  8332248 


(1)  Dimensional  requirements: 

(a)  Outside  diameter  of  shaft  ■  3.50  inches 

(b)  Length  of  shaft  is  30.625  inches  (centerline  to 
centerline)  while  the  tube  section  length  is 
11.625  inches 

(c)  End  fittings,  yoke,  and  joints  shall  be  the  same  as  for 
present  component 

Dana  Yoke  P/N  5-3-4581X 
Dana  Yoke  P/N  5-28-167 
Dana  Shaft  P/N  5-40-491 


(2)  Performance  Requirements: 

(a)  Design  shall  withstand  the  following  applied  torques: 

Continuously  Applied  Torque  7,680  lb-in. 

Short  Duration  Torque  43,800  lb-in. 

Torsional  Strength  Minimum  57,270  lb-in. 

Elastic  Limit 

(b)  Maximum  Operating  Speed  of  the  shaft  shall  be  4,500  RPM.  Since 
this  is  a  heavy  truck  application,  the  critical  speed  is  taken 
as  4,500/0.75  or  6,000  RPM 


b.  Design  Criteria  for  P/N  11669147 


(1)  Dimensional  requirements: 

t 

(a)  Outside  diameter  of  shaft  *  3.50  inches 

(b)  Length  of  shaft  is  46.781  inches  (centerline  to 
centerline)  while  the  tube  section  length  is 
37.50  inches 

(c)  End  fittings,  yokes,  and  joints  shall  be  the  same  as  for 
present  component 


58 


Dana  Yoke  P/N  5-28-627 
Dana  Yoke  P/N  5-4-1721 
Dana  Yoke  P/N  5-53-141 
Dana  Center  Bearing  P/N  210084-2X 

(2)  Performance  Requirements: 

(a)  Design  shall  withstand  the  following  applied  torques: 

Continuously  Applied  Torque  7,680  lb-in. 

Short  Duration  Torque  43,800  lb-in. 

Torsional  Strength  Minimum  78,000  lb- in. 

Elastic  Limit 

(b)  Maximum  Operating  Speed  of  the  shaft  shall  be  4,500  RPM.  Since 
this  is  a  heavy  truck  application,  the  critical  speed  is  taken 
as  4,500/0.75  or  6,000  RPM 

c.  Design  Criteria  for  P/N  8332245 


(1)  Dimensional  requirements: 

(a)  Outside  diameter  of  shaft  *  3.50 

(b)  Length  of  shaft  is  53.625  inches  (centerline  to 
centerline)  while  the  tube  section  length  is 
53.625  inches. 

(c)  End  fittings,  yokes,  and  joints  shall  be  the  same  as  for 
present  component 

Dana  Yoke  P/N  5-3-1341 
Dana  Yoke  P/N  5-28-167 
Dana  Yoke  P/N  5-40-491 

(2)  Performance  Requirements: 

(a)  Design  shall  withstand  the  following  applied  torques  to  which 
the  present  shaft  is  exposed 

Continuously  Applied  Torque^  7,680  lb-in. 

Short  Duration  Torque  43,800  lb- in. 

Torsional  Strength  Minimum  57,270  lb-in. 

Elastic  Limit 

(b)  Maximum  Operating  Speed  of  the  shaft  shall  be  4,500  RPM.  Since 
this  is  a  heavy  truck  application,  the  criteria  speed  is  taken 
as  4,500/0.75  or  6,000  RPM 
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d.  Design  Criteria  for  P/N  8332246 


(1)  Dimensional  requirements: 

(a)  Outside  diameter  of  shaft  -  3.50 

(b)  Length  of  shaft  is  46.375  inches  (centerline  to 
centerline)  while  the  tube  section  length  is 
25.281  inches. 

(c)  End  fittings,  yokes,  and  joint  shall  be  the  same  as  for 
present  component:  P/N  204581-1  with  1710  couplings. 


(2)  Performance  Requirements: 

(a)  Design  shall  withstand  the  following  applied  torques  to  which 
the  present  shaft  is  exposed: 

Continuously  Applied  Torque  10,800  lb-in. 

Short  Duration  Torque  57,600  lb-in. 

Torsional  Strength  Minimum  89,170  lb-in. 

Elastic  Limit 

(b)  Maximum  Operating  Speed  of  the  shaft  shall  be  4,500  RPM.  Since 
this  is  a  heavy  truck  application,  the  critical  speed  is  taken 
as  4,500/0.75  or  6,000  RPM. 
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3.2.2  Material  Trade  Study 

Material  trade  studies  were  performed  for  P/N  0000432  and  8332248 
considering  the  following  materials  for  the  composite  tubes: 

high-strength  graphite- epoxy 
high-modulus  graphite-epoxy 
E-type  fiberglass-epoxy 

Previous  studies  have  shown  that  aramid  epoxy  systems  are  not  appropriate  for 
these  applications. 

Tables  8  and  9  give  the  results  of  the  studies.  As  shown,  all  possible 
designs  are  similar  on  the  basis  of  weight:  none  is  more  than  6%  greater 
than  the  minimum.  On  the  basis  of  material  costs  using  1980  anticipated 
prices: 

Material  System  Cost,  Dollar /Pound 

Fiberglass-epoxy  7.00 

High-strength  graphite-epoxy  34.00 

High-modulus  graphite-epoxy  48.00 

The  high-strength  graphite-epoxy  design  is  the  best. 

Since  hybrid  designs  can  experience  failures  from  resin  and  fiber  mixing, 
the  all  high-strength  graphite-epoxy  designs  were  chosen  for  the  prototype 
program. 
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RESULTS  OF  MATERIALS  STUDY  FOR  PROPELLER  SHAFT  11669147 


RESULTS  OP  MATERIALS  STUDY  FOR  PROPELLER  SHAFT  -8332248 


3.2.3  Analysis  of  Composite  Tubes  and  Joints 


Given  below  are  stress  analysis  results  for  the  final  design  for  each 
shaft  using  a  high-strength  graphite-epoxy  tube  with  steel  end  sleeves. 

Several  possibilities  exist  for  the  joint  between  the  composite  tube  and 
the  steel  end  sleeves ,  The  lack  of  composite  and  adhesive  property 
data  as  well  as  inadequate  available  stress  analysis  suggest  the  best  design 
procedure  for  bonded  composite  joints  is  to  treat  each  joint  as  an  individual 
structure,  test  it,  and  modify  it  as  the  tests  results  indicate.  Studies  have 
shown  that  varying  the  adherences  has  little  impact  on  the  adhesive  shear  stress 
distribution.  For  bolted  joints,  the  strength  is  dependent  on  many  factors: 

-the  edge  distance  to  bolt  diameter  ratio 
-the  side  distance  to  bolt  diameter  ratio 
-the  laminate  thickness  to  bolt  diameter  ratio 
-the  orientation  of  the  reinforcing  fibers. 


Experimental  studies,  including  some  performed  under  this  program,  have 
shown  that  under  torsional  fatique  loadings,  bolted  joints  do  not  offer 
better  structural  integrity  than  bonded  or  bolted  and  bonded  joints. 
Therefore,  bonded  joints  were  chosen  for  the  final  design. 

a.  Analysis  for  P/N  8332248 


The  final  design  is  shown  in  Table  10. 

The  tube  will  have  metal  end  sleeves  of  Dana  Spicer  tubing  which  has 
an  outside  diameter  of  3.50  inches  and  a  wall  thickness  of  0.095  inch.  This 
results  in  shear  stresses  under  the  applied  loads  of: 


Applied  Torque, 
_ lb-in. 


^acting,?8*- 


57,270 

43,800 

7,680 


34,000  (yield  stress 
26,000  of  material) 
4,560 


The  composite  tube  will  have  an  outside  diameter  of  3.46  inches.  Under 
the  applied  torques  the  margins  of  safety  are: 

Applied  Torque, 

_ lb- in.  Tacting,Psi  Tall,P8^  M.S.,  % 


57,270 

23,143 

33,700 

46 

43,800 

17,578 

25,275 

44 

7,680 

3,104 

16,850 

443 

45,000 

18,185 

23,590 

30 
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The  torsional  instability  torque  is: 


Tbuck  =  (21.74)  (0.67)  D(2,2)  «625  f  A(l,l)  A(2,2)  -  A(l,2) 2  1-375 

l  A(2,2)  j 


where 

A  and  D  are  material  property  matrixes 
rave  is  the  average  radius 
L  =  length  of  shaft  =  30.625  inches 

and  for  the  composite  tube 

Tbuck=  67,585  lb-in. 

while 

Tmax  —  52,270  lb— m. 


M.S.  -  18.0% 

The  critical  speed,  in  RPM,  of  the  shaft  is: 


where 

I  *  1T_  (OD4  -  ID4) 

64 

OD  »  outside  diamter  of  tube 

ID  *  inside  diameter  of  tube 

p  «  0.06  pounds/inch^ 

A  *  IT  (OD2  -  ID2) 

4 

For  the  composite  tube,  this  gives  16,890  RPM  while  the  required  critical 
speed  is  6,000  RPM. 

The  allowable  material  properties  used  in  the  design  account  for  the  tube 
being  exposed  to  the  temperatures  in  the  range  of  -40#F  to  160°F. 
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Metallic  end  sleeves  ace  required  for  the  conposite  tube  so  that  the  end 
fittings  can  be  welded  to  the  tube.  The  load  transfer  in  the  scarf  joint  between 
these  metallic  end  sleeves  and  the  composite  tube  requires  a  bond  length  as 
follows: 


(lr_)  (D)2  (L)  (T^)  -  T 

2 


where 

D  «  mean  diameter  of  bond  area,  taken  as  3.41  inches 
T  -  applied  torque 

at.t.  *  allowable  shear  stress  in  the  adhesive,  taken  to  be 

Applied  Torque 
lb- in. 


57,270 
43,800 
7,680 

L  ■  length  of  bond  area 

Thus, 

2.09  inches  based  on  ultimate  torque 
L  *  2.40  inches  based  on  limit  torque 

0.84  inches  based  on  fatique  torque 

or 

L  *  2.09  inches 

In  addition,  a  2-inch  length  of  metallic  sleeve  at  each  end  is  required  for  the 
welding  operation.  A  bond  length  of  2.85  inches  was  chosen  for  the  final  design. 


TALL,psi 

1,500 

1,000 

500 
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Table  10 


FINAL  DESIGN  FOR  HIGH-STRENGTH  GRAPHITE-EPOXY  TUBE 
FOR  P/N  8332248 

Laminate  Configuration 

Thickness  of  4^45*  plies,  inch 
Thickness  of  90*  plies,  inch 
Total  Thickness 

Static  Allowable  Mechanical  Properties 
of  Unidirectional  Laminate  Used  In  Design 


Bjj'fMsi 

18 

E22  f  Ms  1 

1.5 

G12,Msi 

V  12 

0.6 

0.2 

ff*l+,Ksi 

160 

<r*1-,Ksi 

135 

6.4 

^"rKsi 

13.5 

ri2»Ksi 

8 

Resulting  Laminate  Properties 

Ex,Msi 

3.2 

Ey,Msi 

5.4 

Gxy^si 

xy 

3.9 

0.44 

<Tx+,Ksi 

13.8 

0*x-,Ksi 

28.9 

<Ty+,Ksi 

41.1 

«Tv-,Ksi 

*  Xj 

T  jjy,KSi 

31.0 

33.7 

0.120 

0.030 

0.150 
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b.  Analysis  for  P/N  11669147 


The  final  design  is  shown  in  Table  11. 

The  tube  will  have  metal  end  sleeves  of  Dana  Spicer  tubing  which  has  an 
outside  diameter  of  3.50  inches  and  a  wall  thickness  of  0.134  inch.  This 
results  in  shear  stresses  under  the  applied  loads  of: 

Applied  Torque, 

_ lb- in.  Tacting>Psi 


78,000  33,955  (34,000  is  the  yield 

43,800  19,070  stress  of  the  material) 

7,680  3,345 


The  composite  tube  will  have  an  outside  diameter  of  3.46  inches.  Under 
the  applied  torques,  the  margins  of  safety  are: 


Applied  Torque, 
lb-in. 

^acting »Psi 

^  all'Psi 

M.S 

78,000 

26,240 

36,220 

38 

43,800 

14,733 

27,165 

84 

7,680 

2,583 

18,110 

600 

45,000 

15,138 

25,354 

67 

The  torsional  instability  torque  is: 

Tbuck-  (21.75) (0.67)  D(2,2) °-625/a(1,1)  A(2,2) -A(l , 2) 2| -375 

l  A(2,2)  J 


rave  1.25 


where 

A  and  D  are  material  property  matrixes 
rave  is  the  average  radius 
L  *  length  of  shaft  ■  46.781  inches 

and,  for  the  composite  tube 

Tbuck  "  98,320  lb-in. 


while 


Tmax  *  78,000  lb-in. 
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or 

M.S.  “  26.1% 

The  critical  speed  in  RPM,  of  the  shaft  is: 

Wc  =  94.2/2,8.6.4  E»I 

•J  p  A  L4 

where 

1  “JET  (OD4  -  ID4) 

64 

OD  =  outside  diameter  of  tube 
ID  =  inside  diameter  of  tube 
P  =0.06  pounds/inch2 
A  (OD2  -  ID2) 

4 

For  the  composite  tube,  this  gives  8,243  RPM  while  the  required  criteria 
speed  is  6,000  RPM. 

The  allowable  material  properties  used  in  the  analysis  account  for  the  tube 
being  exposed  to  temperatures  in  the  range  of  -40*F  to  160#F. 


Metallic  end  sleeves  are  required  for  the  composite  tube  so  that  the  end 
fittings  can  be  welded  to  the  tube.  The  load  transfer  in  the  scarf  joint  between 
these  metallic  end  sleeves  and  the  composite  tube  requires  a  bond  length  as 
follows : 


(in  (D)2  (i<)  (Tall)  =  t 
2 


where 

D  *  mean  diameter  of  bond  area,  taken  as  3.41  inches 
T  *  applied  torque 

all  “  allowable  shear  stress  in  the  adhesive,  taken  to  be 
Applied  Torque 

_ lb- in.  T  ALL,psi 


78,000 

43,800 

7,680 


1500 

1000 

500 
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L  ■  length  of  bond  area 


Thus, 

2.85  inches  based  on  ultimate  torque 
L  »  2.40  inches  based  on  limit  torque 

0.84  inches  based  on  fatique  torque 

or 

L  »  2.85  inches 

In  addition,  a  2-inch  length  of  metallic  sleeve  at  each  end  is  required  for  the 
welding  operation.  A  bond  length  of  2.85  inches  was  chosen  for  the  final  design. 
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Table  11 


FINAL  DESIGN  FOR  HIGH-STRENGTH  GRAPHITE-EPOXY  TUBE 
FOR  P/N  11669147 

Laminate  Configuration 


Thickness  of  +45°  plies, 

inch 

0.024 

Thickness  of  90®  plies, 

inch 

0.162 

Total  Thickness 

0.186 

Static  Allowable  Mechanical  Properties 
of  Unidirectional  Laminate  Used  In  Design 


En,Msi 

18 

E22 ,Msi 

1.5 

2  »Msi 

0.6 

V  12 

0.2 

°V,Ksi 

160 

<ri~,Ksi 

135 

2+,Ksi 

6.4 

13.5 

*^’l2»Ksi 

8 

Resulting  Laminate  Properties 

Ex,Msi 

4.2 

Ey,Msi 

3.0 

GXy,Msi 

4.2 

xy 

0.77 

<T*x+,Ksi 

31.9 

<T*x-,Ksi 

23.8 

<I'y+,Ksi 

12.9 

<J*y-,Rsi 

25.8 

^  xy,Ksi 

36.2 
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c.  Analysis  for  P/N  8332245 


The  final  design  is  shown  in  Table  12. 

The  tube  will  have  metal  end  sleeves  of  Dana  Spicer  tubing  which  has  an 
outside  diameter  of  3.50  inches  and  a  wall  thickness  of  0.095  inch.  This 
results  in  shear  stresses  under  the  applied  loads  of: 


Applied  Torque, 
lb- in. 


acting  'P8*- 


57,270 

43,800 

7,680 


34,000 

26,000 

4,560 


(34,000  is  the  yield 
stress  of  the  material) 


The  composite  tube  will  hae  an  outside  diameter  of  3.46  inches, 
the  applied  torques,  the  margins  of  safety  are: 


Under 


Applied  Torque, 
lb-in. 


^"acting'P8*-  ^all'P8*- 


M.S.,% 


57,270 

43,800 

7,680 

45,000 


21,888 

16,740 

2,935 

17,198 


30,900 

23,175 

15,450 

21,630 


The  torsional  instability  torque  is: 

Tbuck*  (21.75)  (0.67)  D(2,2)  0 -625|A(lyl)  A(2,2)-A(l, 


A(2,2) 


,2)2y-- 


Cave  ^•♦25 


where 

A  and  D  are  material  property  matrixes 
rave  is  the  average  radius 
L  ■  length  of  shaft  »  46.781  inches 

and,  for  the  composite  tube 

Tbuck  M  69*695  lb-in. 

while 


1^ax  «  57,270  lb-in. 
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or 

M.S.  =  21.7% 

The  critical  speed  in  RPM,  of  the  shaft  is: 

wc  = 


where 

I  =21  (OD4  -  ID4) 

64 

OD  =  outside  diameter  of  tube 
ID  =  inside  diameter  of  tube 
f  =0.06  pounds/inch2 
A  =  3L  (OD2  -  ID2) 

4 

For  the  composite  tube/  this  gives  7,925  RPM  while  the  required  criteria 
speed  is  6,000  RPM. 

The  allowable  material  properties  used  in  the  analysis  account  for  the 
tube  being  exposed  to  temperatures  in  the  range  of  -40’F  to  160°F. 


Metallic  end  sleeves  are  required  for  the  composite  tube  so  that  the  end 
fittings  can  be  welded  to  the  tube.  The  load  transfer  in  the  scarf  joint  between 
these  metallic  end  sleeves  and  the  composite  tube  requires  a  bond  length  as 
follows : 

cr)  (D)2  (L)  (Tall)  -  t 
2 

where 

D  =  mean  diameter  of  bond  area,  taken  as  3.41  inches 
~  T  =  applied  torque 

Tall  =  allowable  shear  stress  in  the  adhesive,  taken  to  be 
Applied  Torque 

_ lb- in.  ^ALL,psi 

57,270  1500 

43,800  1000 

7,680  500 
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L  »  length  of  bond  area 


Thus, 

2.23  inches  based  on  ultimate  torque 
L  ■  2.56  inches  based  on  limit  torque 

0.90  inches  based  on  fatique  torque 

or 

L  *  2.56  inches 

In  addition,  a  2-inch  length  of  metallic  sleeve  at  each  end  is  required  for  the 
welding  operation.  A  bond  length  of  2.60  inches  was  chosen  for  the  final  design. 
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Table  12 


FINAL  DESIGN  FOR  HIGH-STRENGTH  GRAPHITE-EPOXY  TUBE 
FOR  P/N  8332245 

Laminate  Configuration 


Thickness  of  +45®  plies. 

inch 

0.116 

Thickness  of  90®  plies, 

inch 

0.044 

Total  Thickness 

0.160 

Static  Allowable  Mechanical  Properties 
of  Unidirectional  Laminate  Used  In  Design 


EllfMsi 

18 

E22fMsi 

1.5 

G-j2fMsi 

0.6 

V  12 

0.2 

<*"  T  +  rKsi 

160 

G’VfKsi 

135 

<J*2+»Ksi 

6.4 

13.5 

r12,Ksi 

8 

Resulting  Laminate  Properties 


E^Msi 

6.7 

Ey,Msi 

3.3 

GXy,Msi 

3.6 

xy 

0.73 

<Tx+,Ksi 

51.1 

* 

<Tx-,Ksi 

39.1 

(T'y+jKsi 

14.2 

Q-y-,Ksi 

29.7 

T xyf^S 1 

30.9 
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d.  Analysis  for  P/N  8332246 


Hie  final  design  is  shown  in  Table  13. 

The  tube  will  have  metal  end  sleeves  of  Dana  Spicer  tubing  which  has  an 
outside  diameter  of  3.50  inches  and  a  wall  thickness  of  0.095  inch,  ftiis 
results  in  shear  stresses  under  the  applied  loads  of: 


Applied  Torque, 
_ lb-in. 


^“acting >Pa* 


89,170 

57,600 

10,800 


33,985  (yield  stress 

21,955  of  the  material) 

4,115 


The  composite  tube  will  have  an  outside  diameter  of  3.46  inches.  Under 
the  applied  torques,  the  margins  of  safety  are: 


Applied  Torque, 
lb- in. 

^actinq'Psi 

Tall'Psi 

M.! 

89,170 

27,784 

37,900 

36 

57,600 

17,947 

28,425 

58 

10,800 

3,365 

18,950 

463 

The  torsional  instability  torque  is: 

Tbuck*  (21.75) (0.67)  D(2,2) °-625fA(l,l)  A(2,2)-A(l,2) 2]°-375 

l  A(2,2)  J 


£  ave  1*25 

- 


where 

A  and  D  are  material  property  matrixes 
rave  is  the  average  radius 
L  ■  length  of  shaft  ■  46.375  inches 

and,  for  the  composite  tube 

^uck  *  106,980  lb-in. 


while 


T^ax  -  89,170  lb-in. 
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or 

M.S.  =  20.0% 

The  critical  speed  in  RPM,  of  the  shaft  is: 


where 

I  »  X  (OD4  -  ID4) 

64 

OD  =  outside  diameter  of  tube 
ID  =  inside  diameter  of  tube 
f  =0.06  pounds/inch2 
A  =  ^  (OD2  -  ID2) 

4 

For  the  composite  tube,  this  gives  7,550  RPM  while  the  required  criteria 
speed  is  6,000  RPM. 

The  allowable  material  properties  used  in  the  analysis  account  for 
the  tube  being  exposed  to  temperatures  in  the  range  of  -40®F  to  160°F. 


Metallic  end  sleeves  are  required  for  the  composite  tube  so  that  the  end 
fittings  can  be  welded  to  the  tube.  The  load  transfer  in  the  scarf  joint  between 
these  metallic  end  sleeves  and  the  composite  tube  requires  a  bond  length  as 
follows : 

Qrj  (D)2  (L)  (7:^)  =  t 

2 

where 

D  =  mean  diameter  of  bond  area,  taken  as  3.26  inches 

T  =  applied  torque 

Tall  “  allowable  shear  stress  in  the  adhesive,  taken  to  be 
Applied  Torque 

_ lb-in.  ^ ALL,psi 

89,170  1500 

57,600  1000 

10,800  500 
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L  *  length  of  bond  area 

Thus, 

3.57  Inches  based  on  ultimate  torque 
L  *  3.46  inches  based  on  limit  torque 

1.30  inches  based  on  fatique  torque 

or 

L  ■  3.60  inches 

In  addition,  a  2-inch  length  of  metallic  sleeve  at  each  end  is  required  for  the 
welding  operation. 

A  weight  savings  comparison  of  these  designs  to  the  existing  tubes  is 
shown  in  Table  14.  Because  of  the  required  steel  end  sleeves,  weight  savings 
are  as  low  as  26%. 


3.2.4  Chosen  Designs  for  Composite  Shafts 


The  final  designs  are  given  in  Figures  10  -  13: 


Figure  10: 
Figure  11: 
Figure  12: 
Figure  13: 


Composite  Design  for-  P/N  8332248 
Composite  Design  for  P/N  11669147 
Composite  Design  for  P/N  8332245 
Composite  Design  for  P/N  8332246 


Tolerances  for  all  designs  were  chosen  to  agree  with  those  for  the 
existing  steel  tube  used  to  facilitate  balancing  of  the  shaft.  These  tolerances 
are: 

a.  Ovality  T.I.R.  maximum  of  0.007  inch;  this  is  the  most  signi¬ 
ficant  parameter  for  balancing 

b.  Straightness  T.I.R.  maximum  runout  of  0.012  inch 

c.  Wall  thickness  of  +0.005  inch;  this  is  greater  than  the  jf0.003 
inch  required  for  the  steel  tube,  but  is  not  the  major  parameter 
in  balancing  the  shaft. 
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Table  13 


FINAL  DESIGN  FOR  HIGH-STRENGTH  GRAPHITE-EPOXY  TUBE 
FOR  P/N  8332246 

Laminate  Configuration 


Thickness  of  +45°  plies,  inch 

0.016 

Thickness  of  90°  plies,  inch 

0.188 

Total  Thickness 

0.204 

Static  Allowable  Mechanical  Properties 

of  Unidirectional  Laminate  Used  In  Design 

EllfMsi 

18 

E22'Msi 

1.5 

G12rMsi 

0.6 

12 

0.2 

0V,Ksi 

160 

<T*1-,Ksi 

135 

0*2  +»Ksi 

6.4 

«“2“'Ksi 

13.5 

"^•j  2 1  Ks  i 

8 

Resulting  Laminate  Properties 

Ex,Msi 

3.5 

Ey,Msi 

2.8 

GXy,Msi 

4.4 

v  xy 

0.77 

<I/x+,Ksi 

26.0 

(fx-,Ksi 

19.3 

<Ty+,Ksi 

11.9 

<Ty-,Ksi 

22.8 

T xy , Ks l 

37.9 
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WEIGHT  COMPARISON  FOR  TACOM  PROPELLER  SHAFT  TUBE  SECTIONS 
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FIGURE  10(a)  COMPOSITE  DESIGN  FOR  P/N  8332248 


.095 WALL  J  I - .OfeR  -  p02Q  WALL 

y//Z/J  NOTE,  0.  D.  &  ID.  AS  SUPPLIED-  TAPER  TO  .020  WALL. 
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FIGURE  10(c)  COMPOSITE  DESIGN  FOR  P/N  8332248 


SlTC  tub&e 
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FIGURE  11  (a)  COMPOSITE  DESIGN  FOR  P/N  11669147 


FIGURE  11  (fa)  COMPOSITE  DESIGN  FOR  P/M  11669147 


36 


FIGURE  11  (c)  COMPOSITE  DESIGN  FOR  P/N  11669147 
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FIGURE  12  (a)  COMPOSITE  DESIGN  FOR  P/N  8332245 


FIGURE  12  (b)  COMPOSITE  DESIGN  FOR  P/N  8332245 
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FIGURE  12  (cl  COMPOSITE  DESIGN  FOR  P/N  8332245 
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FIGURE  13  (a)  COMPOSITE  DESIGN  FOR  P/N  8332246 


FIGURE  13  (b)  COMPOSITE  DESIGN  FOR  P/N  8332246 
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FIGURE  13  (c)  COMPOSITE  DESIGN  FOR  P/N  8332246 
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FABRICATION  OF  PROTOTYPE  COMPONENTS 

4.1  Leaf  Spring  Assemblies 


4.1.1  Leaf  Fabrication 

Individual  leaves  of  fiberglass-epoxy  were  fabricated  from  billets 
on  expendable  tooling.  An  example  of  the  tooling  is  shown  in  Figure  14.  The 
process  involves  laying  individual  prepreg  plies  of  fiberglass-epoxy,  cut  to 
lengths  to  form  a  billet  of  the  desired  final  shapes  for  the  leaf,  on  the 
tooling.  During  lay-up,  the  material  is  compacted  to  minimize  wrinkling  of  the 
material  during  cure.  After  all  plies  are  laid-up,  a  caul  sheet  is  placed  on 
top.  The  billet  is  then  cured  at  85  psi  and  250*F.  Finally,  the  cured  billet 
is  cut  into  leaves  of  the  desired  width.  Appendix  A  gives  the  step-by-step 
procedure  for  the  composite  leaves  of  the  rear  assembly;  the  process  for  the 
front  assembly  is  similar. 

4.1.2  Assembly 


After  the  composite  leaves  are  fabricated,  spacer  and  wear  pads  are 
adhesively  bonded  to  each  leaf  and  the  center  bolt  hole  is  drilled. 

The  assembly  consists  of  the  steel  leaves,  composite  leaves,  spacer  and 
wear  pads,  risers  (if  required) ,  center  bolt,  and  clips.  The  final  assembly  is 
in  accordance  with  the  designs  shown  in  Figures  8  and  9.  The  assembly 
process  is  given  in  detail  in  Appendix  A  for  the  front  assembly,  which  is  the 
more  complex  of  the  two  assemblies.  The  proposed  clip  design  is  for  prototype 
samples  only.  In  production,  the  clip  would  be  attached  to  the  steel  main  leaf 
by  a  rivet.  The  prototype  clip  was  chosen  to  avoid  the  heat  treat  and  shot 
preening  operations  required  after  riveting.  If  these  operations  are  not 
performed,  the  mechanical  properties  of  the  steel  leaves  will  be  inadequate  for 
service  conditions. 

It  should  be  noted  that  the  purpose  of  the  clip  is  to  aline  the  leaves  and 
to  facilitate  handling  of  the  assembly.  Thus,  if  the  adhesive  bond  of  the 
prototype  design  fails  during  service  (which  is  expected) ,  it  does  not  affect 
performance. 

Component  spring  assembly  weights  are  shown  in  Table  15. 

4.2  Propeller  Shafts 

4.2.1  Composite  Tube  Fabrication 

The  graphite-epoxy  tubes  for  the  propeller  shaft  are  fabricated  on  a  steel 
mandrel  overwrapped  with  a  silicone  rubber  bag;  a  typical  mandrel  is  shown  in 
Figure  15.  The  composite  prepreg  plies,  cut  in  accordance  with  the  required 
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FIGURE  14 

EXPENDABLE  TOOLING  FOR 
LEAF  SPRING  FABRICATION 


Table  15 

WEIGHT  OF  COMPOSITE  SPRING  ASSEMBLIES 


Weight,  Pounds 


Component 

Front  Assembly 

Rear  Assembly 

Composite  Assembly: 

Steel  Leaves  and  Clamp  Bars 

46.5 

74.1 

Composite  Leaves 

23.4 

70.7 

Brackets 

2.0 

3.0 

Center  Bolt 

0.3 

0.5 

Risers 

5.5 

— 

TOTAL 

77.7 

148.3 

Steel  Assembly 

149.0 

293.4 

Weight  Savings  for  Composite 

Assembly 

Pounds 

71.3 

145.1 

Percent 

48 

49 

i 
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FIGURE  15 

TOOLING  FOR  PROPELLER  SHAFT 
COMPOSITE  TUBE  FABRICATION 
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patterns,  are  then  laid  on  the  mandrel.  The  steel  end  sleeves  are  placed  on 
the  mandrel  before  it  is  inserted  into  the  mold  cavity,  shown  in  Figure  15.  The 
tube  is  cured  at  250 °F  with  a  pressure  of  85  psi  applied  at  the  inner  radius  of 
the  tube.  This  pressure  forces  the  composite  material  to  expand  to  the  mold 
cavity.  This  expansion  insures  a  good  bond  between  the  composite  tube  and  the 
end  sleeves,  minimizes  material  wrinkling,  and  produces  a  tube  of  the  required 
outside  diameter.  This  process  is  given  in  detail  in  Appendix  B. 

4.2.2  Assembly 


The  cured  composite  tube,  with  steel  end  sleeves,  is  designed  to  replace  the 
existing  steel  tube  of  the  propeller  shafts.  The  end  fittings  are  welded  to  the 
end  sleeves.  This  assembly  process  was  subcontracted  to  the  Dana  Corporation, 
the  supplier  of  the  existing  shafts.  The  end  fittings  and  welding  and  balancing 
processes  employed  to  fabricate  the  existing  shafts  were  followed.  This  procedure 
maximized  the  structural  integrity  of  the  composite  redesign  effort. 
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TEST  PROGRAM 

The  composite  components  fabricated  in  the  program  were  subjected  to  non¬ 
destructive  and  destructive  tests. 

5.1  Non-Destructive  Evaluation 


All  composite  parts  fabricated  were  ultrasonically  C-scanned  to  verify 
the  fabrication  process,  investigate  internal  flaws  in  the  material,  and  provide 
a  quality  assurance  standard.  The  results  of  the  C-scans  for  the  prototype 
components  are  given  in  Appendix  C. 

5.2  Leaf  Spring  Assemblies 


All  leaf  spring  assemblies  were  tested  statically  to  determine  the  spring 
rate  at  the  rated  load.  Figure  16  shows  the  test  set-up.  Several  of  the  assembl 
ies  were  also  tested  under  fatigue  conditions  to  determine  the  fatigue  lives  of 
both  the  existing  steel  assembly  and  the  composite  designs.  The  tests  were  in 
accordance  with  the  procedures  outlined  in  Appendix  D. 

For  the  front  assemblies,  the  steel  and  composite  designs  results  are 
given  in  Tables  16-19  and  Figures  17-19.  As  shown,  the  assemblies  survived 
150,000  cycles  without  any  apparent  failures.  The  spring  rate  does  change  with 
cycling,  as  has  been  shown  in  previous  studies. 

The  results  for  the  rear  assemblies  are  given  in  Tables  20-24  and  Figures 
20  and  21.  The  static  results  are  as  predicted.  The  fatigue  results  for  the 
steel  assembly  show  that  it  survived  150,000  cycles  without  any  apparent  failures 
The  composite  assemblies  experienced  major  problems  during  fatigue  testing. 

After  several  failures,  see  Tables  23  and  24,  the  problem  was  determined  to  be 
load  transfer  between  leaves.  This  was  caused  by  the  nonmatching  curvatures  of 
the  composite  leaves  in  the  spacer  pad  area.  Such  a  problem  results  from  the 
fabrication  process  used  for  the  prototype  parts.  A  production  process  would  not 
exhibit  this  characteristic.  Therefore,  the  test  results  given  in  Table  22  are 
considered  indicative  of  the  composite  design:  a  fatique  life  of  greater  than 
100,000  cycles.  It  is  concluded  that  the  composite  design  does  exhibit  a  fatigue 
life  common  for  heavy  truck  leaf  springs  and  that  the  design  is  acceptable. 

5.3  Propeller  Shafts 


Destructive  testing  of  the  fabricated  propeller  shafts  consisted  of  a 
static  test  to  failure  and  a  fatigue  test.  The  static  torque  test  was  a  continu¬ 
ously  increasing  load  test.  The  fatigue  test  was  a  continuously  applied  torque 
of  +45,000  lb-in.  at  laboratory  ambient  temperature. 
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FIGURE  16(c)  SPRING  ASSEMBLY  TEST  SET-UP 

FRONT  ASSEMBLY 
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Table  16 


SUMMARY  OF  INITIAL  SPRING  RATES 
FOR  FRONT  SPRING  ASSEMBLIES* 


Clamped  Spring  Rate, 


Material 

S/N 

lb/ in. 

Loading 

at  Rated  Load 

Unloading  Average 

Steel 

— 

2,625 

2,669 

2,647 

Composite 

1 

3,500 

3,303 

3,402 

2 

3,172 

3,019 

3,095 

3 

3,478 

3,391 

3,435 

4 

3,172 

3,041 

3,107 

5 

3,347 

3,281 

3,314 

6 

3,347 

3,259 

3,303 

Average 

3,336 

3,216 

3,276 

•Composite  Assembly  Design  Spring  Rate  was  not  that 
of  the  Steel  Assembly 
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Table  17 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  FRONT  STEEL  ASSEMBLY 


Clamped  Spring  Rate,  Torque  on  U-Bolts 


Cycles 

lb/in.  at  Rated  Load 

lb-in 

i. 

1 

2,625* 

260 

260 

260 

260 

10,000 

3,172 

180 

180 

150 

150 

35,000 

3,347 

200 

200 

230 

220 

60,000 

3,412 

220 

250 

180 

160 

85,000 

3,894 

250 

260 

250 

260 

110,000 

3,894 

245 

250 

255 

260 

135,000 

3,937 

250 

255 

255 

255 

150,000** 

3,937 

255 

260 

260 

260 

♦Unclamped  Spring  Rate  of  2,272  lb/in. 
♦♦Test  completed,  no  apparent  failures 
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FIGURE  17  CLAMPED  SPRING  RATE  AS  A  FUNCTION  OF  CYCLES  FOR  FRONT  STEEL  ASSEMBLY 


Table  18 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  FRONT  COMPOSITE  ASSEMBLY  S/N  1 


Clamped  Spring  Rate,  Torque  on  U-Bolts 


Cycles 

lbxdn.  at  Rated  Load 

lb- 

in. 

1 

3,476* 

260 

260 

260 

260 

10,000 

3,346 

180 

220 

200 

180 

35,000 

•  3,522 

200 

215 

225 

230 

60,000 

3,566 

230 

255 

250 

230 

85,000 

3,544 

260 

245 

265 

260 

110,000 

3,522 

260 

245 

255 

260 

135,000 

3,588 

260 

255 

260 

265 

150,000** 

3,588 

255 

260 

260 

260 

♦Unclamped  Spring  Rate  of  3,265  lb/in. 
♦♦Test  completed,  no  apparent  failures 
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Table  19 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  FRONT  COMPOSITE  ASSEMBLY  S/N  2 


Clamped  Spring  Rate,  Torque  on  U-Bolts 


Cycles 

lb/in.  at  Rated  Load 

lb- 

in. 

1 

3,281 

260 

260 

260 

260 

10,000 

3,588 

220 

220 

220 

210 

35,000 

3,522 

255 

260 

240 

240 

60,000 

3,456 

250 

250 

250 

250 

85,000 

3,500 

250 

260 

250 

250 

110,000 

3,456 

250 

260 

250 

250 

135,000 

3,566 

260 

255 

260 

260 

150,000* 

3,500 

260 

260 

260 

260 

♦Test  completed,  no  apparent  failures 
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000 


FIGURE  19  CLAMPED  SPRING  RATE  AS  A  FUNCTION  OF  CYCLES  FOR  FRONT  COMPOSITE 

ASSEMBLY  S/N  2 


Table  20 


SUMMARY  OF  INITIAL  SPRING  RATES 
FOR  REAR  SPRING  ASSEMBLIES 


Clamped  Spring  Rate, 
lb/in.  at  Rated  Load 


Material 

S/N 

Loading 

Unloading 

Average 

Steel 

— 

7,437 

6,694 

7,065 

Composite 

1 

6,038 

5,381 

5,710 

2 

6,869 

5,994 

6,432 

3 

7,394 

6,213 

6,804 

4 

7,326 

6,320 

6,823 

5 

7,364 

..  6,475 

6,920 

6 

7,321 

6,065 

6,693 

Average 

7,052 

6,075 

6,564 
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Table  21 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  REAR  STEEL  ASSEMBLY 

Clamped  Spring  Rate, 


Cycles 

lb/in.  at  Rated 

1 

7,437 

10,000 

10,588 

35,000 

11,375 

60,000 

11,113 

85,000 

11,681 

110,000 

11,419 

135,000 

11,594 

150,000* 

12,513 

♦Test  completed,  no  apparent  failures 
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FIGURE  20  CLAMPED  SPRING  RATE  AS  A  FUNCTION  OF  CYCLES  FOR  REAR  STEEL  ASSEMBLY 


Table  22 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  REAR  COMPOSITE  ASSEMBLY  S/N  1 


Cycles 

Clamped  Spring  Rate, 

lta/in.  at  Rated  Load 

Torque  on  U-Bolts 

lb- in. 

1 

6,038 

260 

260 

260 

260 

25,000 

6,912 

150 

17 

150 

150 

50,000 

6,606 

200 

230 

200 

200 

75,000 

7,131 

225 

230 

230 

235 

100,000 

6,781 

270 

260 

270 

270 

108,000* 

- — 

— 

— 

— - 

— 

*Steel  main  leaf  broke 
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FIGURE  21  CLAMPED  SPRING  RATE  AS  A  FUNCTION  OF  CYCLES  FOR  REAR  COMPOSITE 

ASSEMBLY  S/N  1 


Table  23 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  REAR  COMPOSITE  ASSEMBLY  S/N  2 

Clamped  Spring  Rate,  Torque  on  U- Bo Its 

Cycles  lb/in.  at  Rated  Load  lb-in. 

1  6,869  260  260  260  260 

9,460*  6,388  -  - -  - 

*Test  terminated:  top  composite  leaf  delaminated  and  vertical 

crack  propagated  from  spacer  edge 
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Table  24 


VERTICAL  FATIGUE  TEST  RESULTS 
FOR  REAR  COMPOSITE  ASSEMBLY  S/N  3 

Clamped  Spring  Rate,  Torque  on  U-Bolts 

Cycles  lbyin.  at  Rated  Load  lb-in. 

1  7,394  260  260  260  260 

7,500*  -  - - - - 

♦Test  terminated:  cracks  formed  in  top  composite  leaf  propagated 

to  next  two  leaves 
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Static  failure  test  results  are  shown  below. 

Ultimate  Torque,  lb-in. 

Composite  Design  to  Replace  P/N _ Required _ Exper imental 


8332248  57,270  81,800 

11669147  78,000  111,000 

These  results  are  considered  excellent. 

Fatigue  testing  of  the  shafts  showed  that  the  adhesive  bond  failed.  This 
was  the  result  of  the  graphite  tube  shortening  during  loading;  which  is  a  result 
of  the  laminate  characteristics.  This  shortening  placed  a  positive  transverse 
normal  stress  on  the  adhesive;  adhesives  have  poor  tensile  strengths. 

This  phenomenon  was  observed  during  testing  of  the  composite  design  to 
replace  P/N  8332248;  the  fatigue  life  results  are  shown  below. 

Tube  S/N _ Fatigue  Life,  cycles 

1  1,900 

2  ,40 

3  2,400 

A  redesign  to  include  a  bolted  and  bonded  joint  between  the  composite  tube 
and  the  steel  end  sleeves  was  undertaken.  Changing  the  joint  area  was  impossible 
because  of  the  tube  length;  see  Figure  10.  Shafts  to  replace  P/N  11669147  were 
fabricated  to  this  new  design  and  tested;  the  results  are  shown  below. 

Tube  S/N _ Fatigue  Life,  cycles 


1  6,700 

2  2,700 

As  shown,  the  bolts  did  not  significantly  change  the  results.  The  failure 
mode  was  not  changed  either.  Therefore,  it  was  decided  to  use  only  an  adhesively 
bonded  joint  for  the  prototype  parts. 

The  fatigue  results  were  interpreted  by  Dana  Corporation  personnel  to  mean 
the  following  for  the  5-ton  Army  truck: 

-in  peace  time,  probably  indefinite  life. 

-in  war  time,  where  the  truck  is  often  in  mud, 
a  life  expectancy  of  9  months. 

It  was,  therefore,  decided  to  fabricate  shafts  to  the  proposed  design  for  field 
testing. 
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6 


BUDGETARY  COST  ESTIMATE  FOR  PRODUCTION 

The  following  discussion  assumes  constant  FY79  dollars  for  all  cost  calcu¬ 
lations. 

6.1  Leaf  Spring  Assemblies 


6.1.1  Production  Fabrication  Process 

For  volume  manufacturing ,  quantities  of  at  least  25  units  per  day  (6,250  per 
year)  are  required.  For  quantities  of  these  amounts  and  greater,  there  are  several 
manufacturing  techniques  which  are  applicable  to  the  fabrication  of  composite  leaf 
springs. 

The  primary  objective  in  the  fabrication  of  any  component  is  to  reduce  to  a 
minimum  the  number  of  processing  steps  and,  in  particular,  those  that  require 
heavy  labor  content.  The  principle  processing  steps  involved  in  the  manufacture 
of  a  leaf  spring  are: 

1.  The  deposition  of  material. 

2.  The  curing  of  the  component. 

3.  Assembly  of  the  spring  pack. 

Of  these,  the  first  is  a  major  contributor  to  the  cost  of  composite  hardware. 

It  can  range  from  a  hand  lay-up  process  in  which  plies  are  laid  down  individually 
to  the  rapid  lay-down  of  material  via  a  filament  winding  process.  One  of  the 
primary  considerations  that  determines  which  method  is  used  is  the  type  of 
material  to  be  deposited  and  how  rapidly  it  can  be  positioned  to  form  the  thickness 
and  contour  required  by  the  product.  Prepreg  can  be  used  and  has  the  maximum 
flexibility  in  positioning  the  material.  Depositing  the  same  amount  of  material 
by  filament  winding  would  be  faster;  however,  since  the  composite  material  leaf 
has  a  variable  contour,  the  winding  operation  would  have  to  be  stopped  several 
times  to  incorporate  and  position  discrete  plies  in  order  to  build  up  the  variable 
contour.  A  compromise  is  to  fabricate  prepreg  using  a  filament  winding  machine. 

One  of  the  solutions  to  the  rapid  deposition  of  material  is  to  use  thicker 
layers  of  reinforcement  in  order  to  reduce  the  number  of  pieces  to  be  handled 
either  by  machine  or  by  hand.  Investigations  have  shown  this  to  be  the  best 
trade-off  in  cost  and  in  manufacturing  rate.  Two  options  are  available.  Uni¬ 
directional  fiberglass  can  be  used  which  will  yield  a  per  ply  thickness  between 
0.020  and  0.030  inch.  Or  an  XMC  sheet  molding  compound  material,  which  is  available 
in  thicknesses  ranging  from  1/8  to  1/4  inch,  can  be  used. 

The  manufacturing  processes  that  utilize  these  material  forms  are  discussed 
below  and  jure  viable  for  the  fabrication  of  composite  leaf  springs.  They  are 
state-of-the-art  processes  and  satisfy  the  production  rates  required  for  this 
application. 


116 


a.  Resin  Injection  Molding  Fabrication  Process 


Resin  injection  molding  involves  the  placement  of  dry  reinforcement  in  a 
matched  die  cavity  that  is  subsequently  injected  with  liquid  resin.  The  liquid 
resin  is  injected  under  pressure  and,  by  also  using  a  vacuum,  it  infiltrates  the 
reinforcement  held  in  the  cavity.  Once  full  injection  has  been  accomplished,  the 
die  is  heated  to  effect  a  cure.  Figure  22  shows  the  process  sequence. 

It  is  not  economical  to  use  this  process  on  a  discrete  leaf  element.  The 
proposed  process  is  to  fabricate  a  large  billet,  a  minimum  of  48  inches 
wide,  to  yield  12-15  discrete  leaves.  One  cavity  would  be  required  for  each 
of  the  leaf  shapes  in  the  assembly. 

To  use  this  method  requires  unidirectional  fiberglass;  this  could  be  purchased 
in  48  inch  widths  or  fabricated  using  a  filament  winding  machine.  This  material 
would  be  cut  to  the  prescribed  pattern  lengths  and  placed  in  the  cavity  dry.  The 
resin  can  be  any  number  of  epoxy  resin  systems  which  exhibit  low  viscosity  (for 
the  resin  injection)  and  combine  with  the  glass  reinforcement  to  produce  a  cured 
composite  yielding  the  properties  which  are  required  of  this  application.  Cure 
times  for  currently  available  resins  range  from  60  to  90  minutes.  Newer 
resins  now  in  the  stage  of  advanced  development  and  commercial  application 
indicate  cure  times  on  the  order  of  10  to  20  minutes  are  possible. 

After  cure,  the  billets  would  be  cut  into  discrete  leaf  elements  using  a 
profile  cut-off  saw  programmed  to  cut  the  billet  into  the  required  width  leaves. 

The  ends  of  the  leaves  would  then  be  trimmed  to  length,  the  center  bolt  hole 
drilled,  the  leaves  inspected,  and  the  discrete  leaves  assembled  to  form  assemblies. 

b.  Compression  Molding  Fabrication  Process 


This  process  involves  the  matched  metal  molding  of  XMC  sheet  molding  compound 
containing  glass  reinforcement  and  epoxy  resin.  The  process  sequence  requires 
that  individual  patterns  be  cut  from  the  broadgoods  sheets  and  placed  into  the 
matched  metal  die.  Again,  these  broadgoods  sheets  could  be  fabricated  using 
filament  winding.  Under  pressures  of  500  to  1500  psi  and  temperatures  from  300 
to  400  degrees  F,  the  part  is  cured  in  10  to  20  minutes.  It  is  then  ejected  from 
the  mold,  the  centerbolt  hole  drilled,  and  the  leaf  inspected.  Assembly  into  the 
spring  pack  would  take  place  after  these  operations.  Figure  23  shows  this  process. 

Currently  available  XMC  materials  containing  epoxy  resins  are  in  the  advanced 
stages  of  development  for  some  commercial  applications.  As  a  general  rule  they 
are  available  in  thicknesses  of  1/8  to  1/4  inch  and  have  a  cross-plied 
orientation  of  approximately  10  degrees.  This  orientation  is  appropriate  for 
leaf  spring  applications.  The  material  is  received  in  a  boardy  (b-staged) 
condition  which  requires  it  to  be  heated  in  order  to  be  formed  into  the  complex 
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FIGURE  22 ,  INJECTION  MOLDING  PROCESS 


contours  of  the  leaf.  Upon  heating  and  with  the  application  of  pressure ,  it  will 
flow  and  form  readily  to  the  leaf  spring  configuration.  The  compression  molded 
part  can  be  directly  assemblied  into  a  spring  pack  after  removal  of  mold  flash. 

Curing  of  the  currently  available  epoxy  XMC  molding  compounds  is  accomplished 
at  between  300  and  400  degrees  F  at  pressures  in  excess  of  500  psi.  Cycle  times 
range  from  10  to  20  minutes  depending  on  the  system,  thickness  of  the 
part,  and  the  temperatures  used.  Present  experience  indicates  that  15  to  20 
minutes  for  currently  available  material  is  required  to  effect  a  cure  on  parts 
having  the  thickness  required  of  heavy  truck  leaf  springs. 

There  are  two  major  concerns  associated  with  using  XMC  molding  compounds. 

The  first  is  the  distortion  of  the  fiber  orientation  under  the  high  pressure. 

This  could  result  in  a  lower  strength  and  stiffness  than  would  occur  from  other 
processes.  The  second  concern  is  that  the  thickness  of  the  starting  material  is 
such  that  to  retain  uniform  fiber  and  resin  distribution  in  a  variable  contour 
build-up  is  difficult. 

c.  Chosen  Fabrication  Process 


At  the  present  time,  the  compression  molding  process  is  a  tried  and  proven 
fabrication  method  for  heavy  truck  leaf  springs.  Hie  resin  injection  molding 
process  offers  some  cost  advantages;  but  still  needs  to.be  developed  before  it 
can  be  used  as  a  production  method.  Therefore,  for  this  study,  the  compression 
molding  process  has  been  chosen. 

6.1.2  Non-Recurring  Investment 


The  compression  molding  process  requires  a  large  press  with  a  capacity  of 
100  to  300  tons.  Such  a  press  would  cost  $300,000  to  $500,000.  The  work  area 
required  for  production  of  leaf  spring  assemblies,  except  for  the  press,  would  be 
nominal.  For  this  process,  other  required  initial  expenditures  would  be: 

-the  compression  molds;  one  required  for  each  leaf 
configuration 

-center bolt  drilling  fixture 
-routing  facilities 


Compression  molds  for  heavy  truck  leaf  springs  cost  approximately  $40,000 
per  mold.  This  includes  the  cost  of  design  and  fabrication  of  each  mold.  The 
other  fixtures  costs  would  be  minimal  in  comparison.  Thus,  an  estimate  of  initial 
mold  cost  is: 
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Spring  Assembly  Number  of  Composite  Total  Cost  of  Molds, 

Leaves  Dollars 

Rear  5  200,000 

Front  2  80,000 

One  set  of  molds  would  be  able  to  produce  about  10,000  parts  per  year; 
the  life  of  a  mold  should  be  in  excess  of  100,000  parts. 

6.1.3  Production  Costs 


The  compression  molded  process,  once  established,  requires  minimal 
supervision;  most  supervision  would  occur  through  quality  control.  Recurring 
engineering  and  sustaining  tool  costs  are  considered  negligible. 

The  material  costs  associated  with  the  spring  assemblies  are: 

"fiberglass  fiber  in  a  compression  moldable  epoxy 
resin:  this  can  be  purchased  for  about  $5  per  pound. 
Rejection  and/or  scrap  rate  for  this  process  in  pro¬ 
duction  is  taken  as  25% 

-steel  leaves,  clips,-  riser  plates,  cnterbolts,  etc: 
this  can  be  assumed  to  cost  $0.50  per  pound 

-miscellaneous  materials  (spacer  and  wear  pads, 
adhesives,  etc) :  the  combined  total  per  assembly 
is  about  $15.00 

Labor  charges,  which  are  estimated  from  work  performed  at  EEMD  in  the 
fabrication  of  compression  molded  leaf  springs,  are  taken  as: 

-molding  of  leaf:  2  hrs  of  technician  per  leaf 

-assembly:  2.5  hrs  of  technician  per  leaf 

-Q.A.:  0.4  hrs  of  Q.A.  technician 

-supervision:  0.5  hrs  of  Engineer 

There  are  no  sub-contracted  items  associated  with  this  process. 

The  budgetary  cost  estimate  for  production  can  be  figured  using  the 
following  process: 

a.  The  total  cost  is  calculated  using  the  following  elements 

-Direct  Labor  Charges 
-Labor  Overhead  at  140% 
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-Material  Charges 

-Material  Handling  Overhead  at  12% 

-Other  Charges 

b.  The  selling  price  is  calculated  by 

-including  15%  for  general  and  administrative  expenses 
-including  an  8%  profit  /fee 

This  results  in 

a.  direct  labor  charges  being  multiplied  by  2.13  to  obtain  the 
portion  of  the  selling  price  due  to  labor 

b.  material  charges  being  multiplied  by  1.39  to  obtain  the  portion 
of  the  selling  price  due  to  material 

c.  other  costs  being  multiplied  by  1.24  to  obtain  the  portion  of 
the  selling  price  to  these  items 

Using  FY79  dollars  and  rates,  these  result  in  selling  price  labor  rates  of 


Category 


Burdened  Labor  Rate, 
Dollars/Hour 


Technician  22.50 
Q.A.  Technician  19.50 
Engineer  36.00 

The  burdened  material  costs  are 


Mater ial 


Burdened  Cost, 
Dollars/Pound 


Fiberglass-Epoxy  7.00 
High-Strength  Graphite-Epoxy  35.00 
Epoxy  Resin  8.00 
Steel  (in  fabricated  form)  0.70 
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For  the  leaf  spring  assemblies,  the  cost  estimates  are  then: 


Rear  Assembly 

Front  Assembly 

Material 

pounds 

Burdened  Cost, 

pounds 

Burdened  Cost 

or  hours 

$ 

or  hours  $ 

Fiberglass-epoxy 

70.7 

495 

23.4 

164 

Steel 

74.1 

52 

46.5 

33 

Miscellaneous 

— 

21 

— 

21 

TOTAL 

— 

568 

— — 

218 

Labor  for  1st  Unit 

$ 

$ 

Technician 

27.5 

619 

14.0 

315 

Q.A.  Technician 

0.4 

8 

0.4 

8 

Engineer 

0.5 

18 

0.5 

18 

TOTAL 

— — — 

645 

— 

341 

Subcontracts 

_____ 

0 

0 

To  estimate  the  cost  of  a  unit,  the  material  costs  shown  above  are  to  be 

used. 


For  estimating  the  labor  hours  associated  with  a  unit,  a  learning  curve 
is  appropriate.  Learning  curves  are  predictive  tools  that  must  be  applied  with  a 
great  deal  of  professional  judgement.  Nevertheless,  they  are  the  manufacturing 
operations  estimator's  most  powerful  forecasting  tool.  They  allow  basic,  standard 
time  data  to  be  used  for  estimating  production  quantities.  The  learning  curve 
projects  the  actual  time  it  will  take  to  make  units  during  the  buildup  to  peak 
efficiency. 

The  learning  curve  concept  is  that  as  quantities  double,  the  rate  of 
learning  remains  the  same. 

Thus, 


where 

y  =>  average  cost  per  unit 

x  =  number  of  units 

k  *  cost  of  the  first  unit  produced 

n  =  constant,  representing  the  relation  between  x  and  y 
On  a  log-log  plot,  the  learning  curve  is  a  straight  line: 


log  y  =  log  k  -  n  log  x 


Learning  curves  for  machined  or  detailed  parts  are  typically  95%.  Sub- 
assembly  learning  curves  are  generally  near  87%  and  minor  assembly  curves  are 
about  86%.  As  unit  complexity  increases  further,  learning  curve  percentage 
continues  downward. 

For  the  truck  components  being  considered  in  this  study 

-a  learning  curve  of  90%  is  considered  achievable 
-a  learning  curve  of  87.5%  is  considered  possible 
-a  learning  curve  of  85%  is  considered  overly  optimistic 

For  the  composite  spring  assemblies,  the  labor  costs,  in  FY79  dollars, 
associated  with  each  unit  of  production  is  shown  in  Figures  24  and  25.  The 
initial  unit  cost  is  taken  as  that  calculated  above.  To  find  the  total  cost 
of  a  production  unit,  the  material  and  labor  costs  must  be  combined 

6.2  Propeller  Shafts 

6.2.1  Production  Fabrication  Process 


The  fabrication  process  for  the  composite  tube  of  the  propeller  shaft  used 
in  the  prototype  program  is  shown  schematically  in  Figure  26.  The  female  mandrel 
concept  was  employed  for  the  reasons  discussed  in  Section  4.  However,  this 
process  does  not  lend  itself  to  production:  it  is  labor  intensive. 


Since  the  majority  of  the  fibers  are  at  a  jM5*  orientation,  filament  winding 
is  the  obvious  choice  for  production  of  the  composite  tubes.  For  this  process,  the 
tooling  is  minimal,  the  fabrication  process  utilizes  an  automatable  device  which  can 
easily  apply  fiber  at  a  45*  angle,  and  no  special  curing  equipment  is  required. 
Therefore,  the  filament  winding  process  is  chosen  for  the  budgetary  cost  estimate  for 
production. 


6.2.2  Non-Recurring  Investment 

In  addition  to  filament  winding  machines  which  cure  available  in  many 
composite  fabrication  facilities,  only  mandrels  are  needed  to  fabricate  the 
composite  tubes. 

The  mandrel  would  consist  of  a  steel  tube  or  shaft  of  constant  diameter 
with  machined  slots  to  locate  the  end  sleeves.  Such  a  simple  mandrel  would  cost 
$2,000  to  $2,500.  Production  quantities  would  require  the  following  number  of 
mandrels: 
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FIGURE  26  FABRICATION  PROCESS  FOR  COMPOSITE  TUBE 


a) 

A 

3 

B 

<u 

-p 

-H 

u 


o 

is 

o 

u 


128 


FIGURE  26  FABRICATION  PROCESS  FOR  COMPOSITE  TUBE 


Yearly  Production  Rate 


Number  of  Mandrels 


1,020 

10 

5,100 

36 

10,200 

68 

A  minimum  economical  yearly  production  rate  would  be  500. 

Final  machining  of  the  cured  tube  would  employ  standard  milling/cutting 
equipment. 

6.2.3  Production  Costs 


The  methods  outlined  in  Section  6.1.3  can  be  used  to  obtain  the  budgetary 
cost  estimates  for  the  propeller  shafts  as  well.  The  composite  design  replacing 
P/N  11669147  was  chosen  as  the  example  for  the  propeller  shafts  since  its  length 
is  near  the  average  of  the  components  considered.  The  cost  estimate  is: 


To  estimate  cost  of  a  unit,  use  the  material  and  subcontract  costs  shown 
above  and  the  labor  costs  given  in  Figure  27. 
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LEARNING  CURVES  FOR  COMPOSITE  TUBE 


6.3  Estimated  Production  Costs 


Estimated  production  costs  for  each  component  can  be  calculated  from  the 
data  given  in  Section  6.1  and  6.2. 

Table  25  gives  the  estimated  production  costs,  neglecting  non-recurring 
investment,  for  the  1,000th,  5,000th,  and  10,000th  unit  produced. 
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TABLE  25 


ESTIMATED 

PRODUCTION 

COSTS 

Component 

Estimated 

Cost,  in 

Dollars,  for 

1,000th 

5,000th 

10,000th 

unit 

unit 

unit 

Spring  Assemblies: 

Front 

310 

285 

275 

Rear 

890 

715 

685 

Propeller  Shafts: 

P/N  11669147 

845 

570 

535 

P/N  8332248 

745 

470 

435 
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CONCLUSIONS  AND  RECOMMENDATIONS 

The  test  results  given  in  Section  5  indicate  that  the  composite  material 
components  designed  and  fabricated  as  part  of  the  program  will  meet  the  life 
requirements  for  these  parts. 

The  cost  data  presented  in  Section  6  also  indicate  the  economic  benefits 
possible  for  these  lightweight  components.  The  next  step  in  pursuing  these 
conclusions  are: 

-field  testing  of  the  prototype  components 
-development  of  production  processes  for  the  components 


133 


APPENDIX  A 


FABRICATION  PROCESS  SHEETS 
FOR  LEAF  SPRING 


A-l 


*w  u 

0U<0 
O  Si 
|XI  6 
G  9 
9  2 : 

z 

p  ® 

«  4J  3 
ohm 

X  AS  m 
to  u.  H 


I 


H 

P 

•rl 

c 

*H 

N  &* 

P  «-l  P 

W  P  P  C 

Spv 
Ini 
,  Opr 
Qua 

Schdd . 
Start/ 

,  Finish 

a  o  p 

D  0.  S 

P  C  tn 

0  9  O 
c/i  oi  cu 

• 

W 

to 

o 

o 

O 

c 

•H 

■p 

p 

rH 

<0 

<o 

c 

o 

(0 

V 

0} 

c 

s* 

o 

3 

to 

4J 

u 

o 

<0 

0- 

U 

44 

*k 

•H 

o 

a 

rH 

to 

14 

a 

X 

to 

p 

p 

9 

w 

•H 

(0 

z 

p 

U 

a 

z  * 

•o 

o 

>i 

O  -H 

c 

p 

•a 

U 

H  Eu 

(0 

10 

U 

t0 

e* 

£ 

(0 

o 

Tl 

04  ** 

u 

0 

C 

M  O' 

o 

TJ 

Wl 

o 

o 

(X  c 

Si 

C 

rH 

o 

rH 

OS 

o 

U  -H 

g 

<0 

t0 

p 

<0 

o 

Ui  iH 

3 

•H 

<0 

•H 

to 

W  0 

z 

rH 

rH 

U 

S 

U 

c 

Q  0 

(0 

0 

o 

o 

<0 

■o 

£ 

p 

rH 

•H 

0 

p 

O' 

P 

O' 

c 

c 

z 

Q 

Q 

Ul 

h 

(0 

<0 

to 

<0 

p 

to 

o 

o 

J 

£ 

o 

£ 

03 

SB 

03 

u 

a 

•H 

M 

p 

P 

a 

(0 

p 

T3 

10 

o 

E 

a 

e 

a 

3 

o 

< 

u 

c 

£ 

9! 

D 

9 

D 

9 

c 

o 

s 

o 

10 

a 

1 

3 

i 

9 

o 

to 

a 

w 

o 

o 

4J 

CO 

>i 

o 

► i 

o 

14 

o 

00 

cu 

o 

rH 

9 

c 

to 

to 

(0 

<0 

9 

rH 

c 

o 

05 

o 

O 

M 

Si 

> 

.j 

> 

u 

u 

W 

O  0 

Z  0  z 
z 

IT) 

o 

in 

o 

in 

o 

m 

o 

in 

o 

m  p 

H 

i-H 

CN 

CN 

m 

m 

rj* 

in 

in 

o  o'  a 
a<p  o 

o  S  Q 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

<p  p 
OH<D 
(D  .Q 


■§ 
tN|  § 


_  3 
3  Z 
Z 

P  ID 
IV  P  3 
05  P  os 
3  id  a 
C/3  fa  M 


UJ 

GO 

CO 

CO 

UJ 

c_> 

q 

cs£ 

Q- 

CD 

C£ 


o 

<c 

u_ 


p 

•H 

u  a 

o i  M 


P  P 
cn  P 
>  P 

a  a 

C/3  H 


fa 

p 

P  C 
p  <0 
a  3 

O  ot 


•  \  3 
TD  P  CD 
05  P  -H 

Si  <0  c 
O  P  P 
03  03  fa 


a  C3 
3  fa 
I  \ 

p  a 

<u  3 
03  fa 


O  0 

z  o  z 
z 

P  P 

<u  O'  a 
aw  o 
O  S  Q 


0) 

d-l 


<p 
r— I 

(U 

Si 

to 

v 

c 

ta 

<o 

8 

<o 

4J 

cu 

03 

o 

o 

CO 


0 

p 

-p 

s 

(V 

u. 

p 

4) 

O' 

C 

<1> 

cu 

10 

05 

•P 

£ 

in 

p 

u 

O' 

O 

3 

c 

(D 

p 

c 

H3 

fa 

*3 

XI 

O 

10 

a) 

c 

to 

d> 

O 

>1 

cO 

•f-j 

e 

ip 

0 

X5 

c 

3 

o 

u 

fi 

e 

a 

>0 

U 

p 

■p 

■0 

4) 

0) 

c 

4) 

•P 

44 

<u 

“p 

Si 

co 

rl 

4J 

si 

6 

p 

10 

a 

CO 

•H 

4) 

a 

CU 

^  p 

10 

s 

rp 

3 

G  ? 

4) 

CO 

03 

>1 

<v 

P 

3 

p  si 

u 

u 

e 

H 

P  « 

■0 

10 

in 

o 

CU 

p 

CN 

<v 

p 

O 

p 

CN 

a 

0) 

V  3 

P 

3 

CO 

£ 

Cn  O 

co 

3£ 

o 

C 

5 

2 

O' 

0  S 

O 

a 

fa 

c 

p  0 

i — 1 

3 

p 

• 

I  -u 
>1  <0 
CO  0) 
*H  CU 


o 

03 


4J  * 

44  in 

3  +i 


05  'S 

<u  <u 

.S 

O 


o> 

c 

o 


■a 

(U 


<v 

J3 


o 

p 


u 

o 
p 
oi  io 
c  u 

■h  id 

o  a 
a> 

CQ 

CO 

P  c 
<0 

p  £ 
<0  P 
jc 

p  - 
p 

P  CO 

O  p 
0  P 
p  <p 


3 

■H 


4)  C 


>i 

M-l 

• 

U5 

04 

03 

M 

« 

c0 

4J 

O 

4-3 

03 

jQ 

CJ 

•H 

O 

03 

• 

O' 

2 

0) 

rH 

ro 

p 

3 

O 

TJ 

<0 

u 

0 

0 

44 

p 

3 

p 

3 

»V»  W 

44  g 

W  O'  u 

10  C  3 
ap  0 

rM 

fa  T3 

-H 

2 

•H 

03 

CU 

£ 

Ip 

c 

a 

03 

Q 

O 

H  pH 

03 

O'  H 

•  £ 

V4 

4J 

03 

rH 

0 

03 

pH 

X 

0 

•O 

0 

JQ 

14 

03 

O'  CO 

O  0 

(» 

u 

c 

• 

x: 

(0 

4-3 

44 

44 

CN 

•H 

* 

10 

O 

44 

cO 

in  >1 

• 

> 

0 

03 

4-> 

ta 

•H 

3 

45 

44 

— 

•C 

10 

c 

Ot 

P 

•o 

43  03 

m  0) 

o 

c 

V4 

03 

O 

44 

3 

p 

£ 

p 

rl 

p 

to 

P 

•  ■» 

£ 

43 

44 

03 

& 

03 

rH 

03 

t-l 

O' 

O 

D 

•H 

0 

•• 

0 

05 

44  rH 

C0 

44  *H 

£ 

0) 

• 

c 

O' 

3 

4J 

c0 

• 

03 

£ 

0 

H 

0> 

p 

05 

p 

C 

u  O 

O  > 

03  03 

0) 

O 

•H 

C0 

c0 

(0 

>1 

u 

03 

>1 

CO 

O 

ja 

3 

3 

10 

O 

CO  O 

44 

03 

03  03 

O' 

4_) 

O 

6 

03 

H 

CO 

rH 

rH 

in 

0 

>1 

O 

P 

•H 

fa  44 

V4 

44  • 

V4  *»H 

0) 

CO 

03 

03 

C 

CU 

CU 

•• 

P 

rl 

• 

r4 

P 

10 

03 

CO 

O  £ 

O'  rH 

O' 

U 

O 

03 

u 

_  __ 

u 

03 

0) 

O' 

u 

(V 

rp 

05 

u 

CU 

P 

a 

£ 

14  03 

CU  »H  -H 

0 

o 

c0 

• 

CO 

0 

0 

03 

03 

44 

.£ 

u 

c 

O 

•o 

*P 

C 

3 

««— * 

0 

01 

03 

2?  -S 

Ub 

(0 

4J 

03 

03 

4-1 

0 

4-3 

C 

03 

44 

0 

•p 

44 

IV 

3 

P 

O 

<w 

u> 

£ 

u 

CN 

O  rH 

o 

03 

r; 

M 

H 

CN 

4-3 

0 

0) 

4-4 

p 

(0 

(V 

(V 

0 

CU 

pH 

0 

03 

O  \ 

pH 

3 

03 

c 

CO 

x: 

O 

a 

Jh 

p 

p 

p 

0 

3 

05 

0 

£ 

> 

44  r- 

U  MH 

Pi 

T3 

•f-S 

4J 

M 

0 

CU 

03 

03 

44 

CO 

CO 

Si 

IV 

p 

1 

10 

N* 

14  O 

O 

1 

03 

<u 

CQ 

pH 

C/3 

4-3 

CU 

•0 

■0 

03 

>1 

O 

03 

0 

44  ro 

>1  C7» 

u 

o 

M 

in 

4-3 

3 

03 

44 

03 

p 

03 

•a 

IV 

a 

03 

c0 

05 

1— 

44 

44  O' 

44 

03 

(0  £ 

3 

o 

•T3 

CU 

CN 

CO 

s 

• 

4-3 

O 

3 

V4 

id 

cn 

c 

a* 

rH 

rH 

•P 

X 

C0 

<0  C 

03 

0)  03 

fH  *h 

52 

44 

03 

n.  rsi 

U 

it0^ 

•H 

(0 

O 

3 

(V 

18 

p 

» 

Eh 

£ 

U  pH 

03 

45  CU 

O' 

o 

x 

6 

03 

£ 

03 

44 

4J 

4H 

o» 

fa 

0 

a 

in 

£ 

>1 

<0 

•4 

*0  45 

03  pH 

C0  O' 

M 

•H 

§ 

s 

03 

•g 

CU 

01 

03 

03 

03 

pH 

u 

pH 

rH 

0 

ip 

X 

CU  rH 

CQ 

U 

c0 

fH 

Pi 

M 

4-3 

0 

03 

0) 

£ 

44 

*4 

fe 

1 

0 

O 

+ 

>4 

CU 

c 

O 

O 

03 

rH  44 

03  43 

fa 

4-1 

O' 

cO 

x: 

0 

O 

CO 

P 

• 

IV 

u 

cn  03 

rH 

3  03 

t> 

M 

p 

c 

g 

O' 

H 

03 

O 

TJ 

IV 

X 

10 

c 

ip 

44 

3 

05 

a 

H 

3 

<0 

CO  03 

Op 

O' 

O' 

O 

x: 

C 

CJ 

03 

03 

03 

p 

&H 

P 

0 

0 

0 

O 

cr 

O 

a  0 

c0 

O  03 

rH  U 

c 

0) 

03 

O 

4J 

•H 

I 

£ 

j£ 

44 

x: 

3 

10 

p 

£ 

05 

05 

<0 

Tf  Cl 

O 

44 

CU  3 

C/3 

•H 

u 

V4 

f-» 

c 

w 

03 

u 

44 

03 

0 

'O 

45 

a  p 

a 

44 

05 

*r4 

p-r 

0  O 

>p  3 

03 

pq 

rH 

04 

• 

CO 

x: 

03 

O' 

0) 

<0 

<U 

44 

o> 

CO 

3 

44 

C 

CU 

r-  44 

03 

0  "fi 

•3 

Q 

o 

03 

4J 

03 

0) 

O 

0 

4-3 

£ 

45 

44 

O 

O' 

05 

O 

1 

cO 

•i4 

C 

44 

X  « 

45 

£  O' 

o 

u 

0 

cO 

03 

»H 

in 

CO 

4-3 

03 

03 

44 

0 

£ 

pH 

>1  si 

0 

O 

CO 

rH 

Eh  u 

44 

D5  IV 

• 

C0  £ 

a 

£** 

CU 

0 

03 

g 

O 

CN 

4-3 

c0 

»-4 

CO 

p 

03 

c 

U 

CO 

44 

a 

•H 

03 

c0 

05  O 

rH 

pH 

§ 

4J 

03 

4J 

pH 

4-3 

CU 

T3 

fa 

•H 

2 

43 

*H 

1 

P 

4J 

03 

>1  CU 

>1 

O'  10 

O 

44  J*. 

03 

03 

CO 

4J 

4-3 

CU 

CO 

03 

03 

O 

C0 

a 

O 

3 

44 

CO  03 

n  p 

O 

3  <0 

£-5 

> 

c 

4J 

U 

CO 

CO 

03 

•• 

U 

03 

• 

r- 

■O 

44 

44 

3 

•H 

■0 

O 

•»4 

»H  03 

U 

45  fa 

44 

CJ  £ 

0 

c0 

3 

3 

03 

03 

3 

fa 

03 

cn 

W 

1 

£ 

a 

S 

g 

03 

C 

4J 

U 

Qi 

4J 

O' 

£ 

Eh 

CU 

CO 

>1 

i 

04 

03 

■H 

<0 

O 

03 

3 

c 

*«H 

O 

<0 

44 

<0 

44 

0 

ri 

CU 

O 

o; 

0 

£ 

03 

£ 

fa 

U 

■H 

e 

Z 

* 

cn 

rH 

u 

CN 

m 

HT 

in 

O' 

C 

P 

u 

3 

•a 

<u 

u 

3 

CO 

<0 

<a 

£ 


P 

P 

(8 

a 

<u 

rC 

P 

a 

(8 

rC 

P 

P 

(U 

Cn 

P 

18 


4-1 

O 


G 

p 


0)  n 
TJ 

■H  0. 
&  P 


0) 

,G 

P 

0 

P 

i  P 
X 
05 

g 


p 

p 

rH 

•n  -r-1 

»8<  CN 

0)  <0 
(0  p 

0 

(0 

• 

p  \ 

05 

a 

£ 

O'lQ 

05 

■H 

X 

10  ai 

Cn 

p 

JT* 

c 

J3  P 

T) 

8 

cn  10 

G  Si 

p 

«  a 

05 

a 

s 

0  P 

to  a 

05 

e 

44 

p 

D  10 

T3 

o 

o 

■o 

c 

10 


•H 

•  P  CO 

co  •  e  p 

P  e  Ur-13 

o  p  o 

m  >,  <u  p  <w 

in  c  p  io  v 


« 

p  p 

(0  3 
p 
IQ  U 

c  c 

3  3 

o  a 

I1 

8  p 
4-1  p 
O'  P 
C  — .  (8 

p  p  a 

P  05 


p 

p 

© 

a 


o 

Si 

» 

£ 

p 

■O  m 
C  l 
3  2 

o 

p 

■0 


p  • 

<v 

O'  P 
e  3 
•p  *pi 
O' 

O'  <v 

■0  Si 


O 

in 

0 

m 

yO 

r- 

r- 

O 

0 

0 

0 

o 

00 

o 


MANUFACTURING  PROCESS  SHEET 


CJ  c 

Ot  H 


y  rH 
c o  y 

>  -H 

a  c 

CO  H 


a 

y 

y  c 
y  3 

a  a 
o  cx 


3  y  w 
3  u  -h 
x:  <o  c 

O  4->  -H 

co  co  a 


4J 

c 

3  co 
y  -h 
a>  n  oj 
y  Eh 


> 
g 

•o  -■»  a) 

•  y 

O  -U 
>  y  <X3 
y  3  C 

4Jfl« 
«J  y 
_  °  y 

m  ra 

O'  W  Q| 

c  -a 

■H  C  ffl 

4J  II  £ 

y  +3 
•h  <u 
«w  *i 


a 


3 

O 

3 

> 


2  5 

a  <u 

8"° 
.  o 


$ 


|Z 

>1 


y 

c 

y 

O 

a 

<o 


•o 
c 
0) 

SS 

ci 
(0 
3 

y 
a 

3 
c 

A  CM 


M 

a> 

y 

ITS 

g 

fl 

y 

y 

x 

a> 


c 

■H 


co 

a 

3 

V4 

IQ 

3 

3 

o 

**H 

y 

10 


3 

5 

IQ 

SI 

y 


0) 

y 

IQ 

e 

•y 

O 

u 

a 

a 

IQ 

<U 

J3 


y 

a* 

•a 

3 

a» 


a 

a> 

o 


i 

x 

_  o 

5?  y 

C  Q, 

p  s; 


•H 

3  £ 

c  H 

id 

• 

•a 

iJ  « 

^  XJ 

m 

3 

c 

<u 

S  *-2 

3  2 

•a 

Q)  *2 
U  5 

rH 

O  3 

c 

CU 

o 

•0 

Oa  ° 

o  m 

U  W 

Cu 

CCS 

y*  ® 

a 

V 

O  ® 

03 

0)  jj 

3 

8  « 
d  w 

•H 

•H 

3  3 

■H 

rs 

?  G 

• 

to 

c 

■y  y 


a)  .r 

<u  -a  a) 

3  -H  3 
•h  £  -h 

•  c  • 

•H 


y 
oo  a> 
3 
*-  JC 
a 
3 

3  rH 

D 


1  ° 

2  y 
>  o 

y  P 


3  x: 
<0  » 
o 


rH  C 

35 

U  CM 


V 

>  y 
O  3 

o 


§ 

•o 

y 

u 

<o 

a 


<u 

<0 

y 


O' 

•0 

X) 


<o 

<u 


0 

<0 

> 

V 

•H 

•pH 

•H 

• 

to 

o 

J1 

u 

CD 

2K 

CO 

01 

y 

•y 

£ 

ID 

u 

01 

« 

-y 

<0 

•H 

44 

0) 

■H 

3 

4J 

y 

a 

Lf) 

co  in 

O 

Si 

O’ 

E  . 

4J 

O 

u 

c 

CCS 

• 

ro 

ro 

4-» 

y 

■3 

«  pH  rH 

C 

44 

• 

0) 

<0 

c 

•H 

a 

in 

G 

x 

CO 

V 

3  “S 

o 

0) 

O' 

o 

o 

4J 

4J 

•H 

x 

x 

14 

IU 

iJ 

0 

*o 

X 

<0 

00 

•H 

C 

M 

® 

O' 

O' 

CO 

O 

y 

X 

y 

U 

c 

in 

rH 

<0 

4J 

0 

as 

y 

c 

in 

O' 

C  O' 

0* 

y 

u 

0) 

9 

cs 

• 

o 

a 

0) 

u 

O 

(CJ 

u 

04 

•y 

y 

•y 

a 

ro 

d 

o 

o  d 

rH  0 

0) 

CO 

to 

01 

10 

a 

0  • 

o  S 

o 

y 

> 

o 

u 

eu 

• 

CD 

y 

•o 

<0 

CU 

*o 

MH 

c 

3 

X 

rH 

rH 

•3 

m 

c 

.  o 

• 

o 

JC 

<u 

c 

s 

c 

0 

• 

® 

• 

-O  -y 

V 

y  ® 

0 

<D  _  , 

44 

0 

CO 

ITS 

c 

o 

(0 

y 

O' 

• 

c  • 

C 

to 

x: 

o  <h 

TJ  ^ 

rH 

o 

6 

as 

* 

3 

o 

O 

e 

y 

0 

G 

d 

•h  d 

>0 

y 

y 

4-1  O'  'D 

•H  5 

as 

3 

rH 

3 

6 

D 

rH 

O' 

0 

0) 

y 

• 

O 

•H 

•H 

41 

y 

E 

S  3 

(0 

O' 

e 

O' 

«-H 

CJ 

IQ 

»o 

-H 

> 

<0 

JS  «H 

00 

y 

•3 

y 

m  3 

3 

4J 

c 

•rl 

E 

3 

> 

• 

H 

0) 

y 

0 

y 

y 

H* 

y  <M 

41 

C 

O 

1  JO 

.  B  -H 

•H 

C 

3 

ifl 

rH 

U 

o 

• 

<0 

o 

• 

CM 

y 

>3 

3 

<  -H 

3 

G 

rH 

•rl 

3 

C3 

as 

rH 

0) 

0 

a> 

y 

y 

a  «h 

c 

1 

41 

y 

y 

3 

rH 

c0 

s 

O 

O' 

M 

a 

4J 

4J 

to 

0 

y 

o 

•H 

1 

1 

« 

3 

41  y 

3 

4-1 

Q 

as 

CO 

c 

3 

Qi 

CCS 

c 

y 

10 

ra 

41 

rH 

si 

> 

y  d 

-y 

in 

o 

as 

c0 

> 

<U 

•H 

00 

6 

•H 

u 

<0 

a 

y 

P* 

4) 

U  41 

XI 

y 

0 

3  3 

M 

rn  O'  y 

y 

O' 

g 

« 

y 

y 

01 

in 

O 

0)  u 

rH 

O'  > 

c 

O' 

t4 

3 

O' 

4> 

O' 

CO 

y 

10 

® 

V 

>o 

41 

•y  41 

y 

c 

rH 

r4  9 

— 

X  T4 

c 

CO 

co 

0 

z 

y 

<0 

3 

c 

•o 

c 

a  si 

> 

4) 

i 

•H 

a  *h 

V 

o 

0 

fa  ? 

3 

O'  n-4 

43 

44 

o 

X 

43 

(0 

O 

•H 

CCS 

V 

as 

y 

0 

<U 

a 

a 

> 

y 

3 

O'  o» 

co 

M 

rH 

3EJ 

cd 

O' 

as 

u 

co 

iH 

01 

0 

E 

3 

C 

c  5 

s 

u 

u 

*o 

Eh 

fa 

01 

> 

O' 

• 

rH 

y 

X5 

V 

>o 

41  ^ 

£ 

3 

3  00 

3 

as 

CO 

as 

04 

«c 

CCS 

CO 

y 

o 

0 

® 

u 

41 

y  ai 

y 

10 

x:  *- 

pH 

0 

43 

U4  4£ 

W 

«fc 

4J 

*0 

La 

o 

10 

>o 

® 

V 

y 

4i  y 

V 

>3 

y 

o 

y 

&4 

44 

43 

u 

0$ 

O' 

• 

o 

•• 

Eh 

o 

H 

V 

Si 

■y 

41 

a  4i 

0) 

3 

3  y 

3 

•  • 

C 

3 

c 

as 

u 

c 

c 

jJ 

g 

• 

as 

y 

0“ 

iH 

0) 

y 

a 

a 

to  a 

Si 

3 

y  0 

> 

C  ^ 

0 

M 

o  x: 

C/3 

«H 

*r4 

u 

O' 

• 

3 

0 

o 

m 

01 

X 

10 

iH 

10 

y  to 

3 

y 

> 

y 

O 

•h  *n 

u 

« 

pH 

(0 

u 

3 

Z 

c 

x: 

Eh 

X3 

<y 

CM 

y 

y 

O 

3 

3  3 

o 

ro 

as 

C 

6 

Q 

0 

0> 

o« 

o 

as 

4J 

y 

>o 

0 

>o 

rH 

O 

y 

Cl 

4J 

0 

3 

2 

0 

rH 

o 

<T3 

CCS 

>i 

3 

u 

0 

as 

C 

y 

y 

d  <o 

3 

E 

a 

?  3 

0 

in  c 

a 

o 

3 

43 

Z 

Eh 

0 

(4-1 

rH 

> 

rH 

O1 

as 

o 

3 

O 

41 

to 

to 

0  y 

10 

0  -H 

y 

as 

*rn  *n 

O 

o 

43 

o 

rH 

*o 

04 

<D 

ro 

0) 

CO 

O 

10 

S 

y 

y 

o  *y 

0 

10 

0 

rH  a 

>i  as 

rH 

CO 

O 

M 

« 

0 

a> 

tfl 

‘u- 

JZ 

rH 

y 

rH 

•H 

•H 

•y 

41  r; 

y 

rH 

si 

rH  y 

3 

*H 

> 

44 

Eh 

<0 

CO 

04 

> 

rH 

M 

y 

04 

10 

fa 

03 

fa 

fa 

M  1-1 

V 

y 

0  3 

O’ 

3  O' 

C 

(0 

CCS 

rH 

04 

o 

CCS 

0) 

Cl 

o 

3 

fa 

3 

y 

O 

rH 

44 

§ 

4J 

as 

rH 

(0 

e 

c 

u 

<0 

3 

c 

—  y 

O 

3  3 

>r 

as 

rH 

U 

w 

D 

u 

*H 

u 

as 

•H 

3 

, _ . 

rH 

y 

o 

3 

c 

g  3 

3 

us 

3 

<0 

04 

o 

a 

<0 

4J 

« 

(4-1 

O 

04 

n 

fa 

y 

-3 

*  u 

3 

-y  o 

X3 

D 

CU 

CU 

I  o  § 

y  z  y 
<u  o'  a 
a  y  o 
O  s  Q 


in 

a 

m 

o 

co 

O' 

O' 

o 

a 

o 

o 

rH 

u 

O  M  dJ 

|| 

*  1  I 

4J  Z  OJ 
©  +1  3 
©  n  01 
£  a  m 

111  ft  H 


j\£ 
+i  10 
3  H  -H 
x:  to  a 
o  +j  •H 
01  01  fa 


ft  a 
D  fa  X 

-P  C  01 
a  3  O 
ca  «  ft 


5  • 

•  <o  e 

CTi  U 

a  <a  u 
-O  -w 
ai  -  - 

8  h  u 
•H  O 
Q  O  U 

c  c 

IQ  V  ft 
ft  O 
a>  js 

>  O'  03 
IQ  C 

.H  41 
g  jc  e 
o  u  •<* 

U  10  £ 
3  6  0 
IQ  10 
41  2 

8  a  o 

ft  £  -U 
<4-1  S 

-4> 

<D  (0  °H 

> 

o  .e  4i 

E  41  JO 
41  -H  3 

«  »  f 


JC 

-U  • 

<0  3 

•w  0 

*  3 

O'  o 

C  41 


• 

c 

o 

1-1 

-4> 

|Q 

44 

41 

ft 

0 

>i 

iH 

1 

J3 

S 

41 

01 

01 

10 

u 

O 

• 

<44 

u 

£1 

a> 

10 

.c 

ij 

o 

41 

QJ 

Pi 

44 

K 

(0 

-41 

U 

0 

-U 

O 

0 

-r4 

44 

44 

ft 

(0 

JJ 

0 

to 

-4> 

u 

JC 

o 

0 

tw 

10 

-fl 

.n 

ro 

O' 

c 

1-1 

4J 

44 

tn 

ft 

a> 

01 

<o 

0 

c 

44 

41 

03 

44 

U 

J3 

as 

to 

04 

43 

0) 

-U 

j* 

01 

ns 

© 

&4 

0  o 

z  o  z 
23 

44  +1 

©  O'  ft 
ft  <4-4  © 

O  S  Q 


A- 5 


TACOM  REAR  LEAF  SPRING  /  386  /  JUNE  9,  1980 


INDIVIDUAL  PLY  LENGTHS 


PLY  THICKNESS 

IS  0.0166  INCHES 

PLY  NUMBER 

FRONT  LENGTH 

1 

24.00 

2 

24.00 

3 

24.00 

4 

24.00 

5 

24.00 

6 

24.00 

7 

24.00 

8 

24.00 

9 

24.00 

10 

24.00 

11 

24.00 

12 

24.00 

13 

24.00 

14 

24.00 

15 

24.00 

16 

24.00 

17 

24.00 

18 

24.00 

19 

24.00 

20 

24.00 

21 

24.00 

22 

24.00 

23 

17.20 

24 

16.40 

25 

15.80 

REAR  LENGTH 

TOTAL  LEM 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

24.00 

54.00 

17.20 

34.40 

16.40 

32.80 

15.80 

31.60 
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TACOM  REAR  LEAF  SPRING  /  386  /  JUNE  9,  1980 


- INDIVIDUAL  PLY  LENGTHS 

PLY  THICKNESS  IS  0.0166  INCHES 


PLY  NUMBER 

FRONT  LENGTH 

REAR  LENGTH 

TOTAL  LENGTH 

26 

15.20 

15.20 

30.40 

27 

14.70 

14.70 

29.40 

28 

14.20 

14.20 

28.40 

29 

13.80 

13.80 

27.60 

30 

13.40 

13.40 

26.80 

31 

13.00 

13.00 

26.00 

32 

12.60 

12.60 

25.20 

33 

12.20 

12.20 

24.40 

34 

11.90 

11.90 

23.80 

35 

11.60 

11.60 

23.20 

36 

11.20 

11.20 

22.40 

37 

10.90 

10.90 

21.80 

38 

10.60 

10.60 

21.20 

39 

10.30 

10.30 

20.60 

40 

10.00 

10.00 

20.00 

41 

*  9.70 

9.70 

19.40 

42 

9.50 

9.50 

19.00 

43 

9.20 

9.20 

18.40 

44 

8.90 

8.90 

17.80 

45 

8.70 

8.70 

17.40 

46 

8.40 

8.40 

16.80 

47 

8.20 

8.20 

16.40 

48 

7.70 

7.70 

15.40 

49 

7.40 

7.40 

14.80 
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TACOM  REAR  LEAF  SPRING  /  386  /  JUNE  9,  1980 


- INDIVIDUAL  PLY  LENGTHS - PAGE  3 

PLY  THICKNESS  IS  0.0166  INCHES 


NUMBER 

FRONT  LENGTH 

REAR  LENGTH 

TOTAL  LENGTH 

50 

7.20 

7.20 

14.40 

51 

7.00 

7.00 

14.00 

52 

6.70 

6.70 

13.40 

53 

6.50 

6.50 

13.00 

54 

6.10 

6.10 

12.20 

55 

24.00 

24.00 

54.00 

56 

24.00 

24.00 

54.00 

57 

24.00 

24.00 

54.00 

58 

24.00 

24.00 

54.00  . 

59 

24.00 

24.00 

54.00 

60 

24.00 

24.00 

54.00 

61 

24.00 

24.00 

54.00 

62 

24.00 

24.00. 

54.00 

63 

24.00 

24.00 

54.00 

64 

24.00 

24.00 

54.00 

65 

24.00 

24.00 

54.00 

66 

24.00 

24.00 

54.00 

67 

24.00 

24.00 

54.00 

68 

24.00 

24.00 

54.00 

69 

24.00 

24.00 

54.00 

70 

24.00 

24.00 

54.00 

71 

24.00 

24.00 

54.00 

72 

24.00 

24.00 

54.00 

73 

24.00 

24.00 

54.00 

74 

24.00 

24.00 

54.00 

75 

24.00 

24.00 

54.00 

76 

24.00 

24.00 

54.00 

77 

24.00 

24.00 

54.00 

78 

24.00 

24.00 

54.00 
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FABRICATION  PROCESS  SHEETS 
FOR  LEAF  SPRING  ASSEMBLY 
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Pads  and  Spacers  are  dry  and  completely  bonded  before  starting  assembly. 


MANUFACTURING  PROCESS  SHEET 
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APPENDIX  B 


FABRICATION  PROCESS  SHEETS 
FOR  PROPELLER  SHAFT  COMPOSITE  TUBE 
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NOTE:  If  the  rubber  bag  is  stored  or  a  part  is  cured  on  the  bag, 

it  must  be  checked  for  leaks  and  repaired  as  required. 

See  ODeration  Process  Sheets  on  rubber  bag  fabrication,  testing 
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APPENDIX  C 


ULTRASONIC  C-SCAN  RESULTS 


C-l 


C-SCAN  FOR  LEAVES 


C-2 


tacom  leaf  Swings 


Spring 


No.  ~3 


Uc  tca  so  mic 

Da  te  ' 

SU  2-  *  1  XDCR.  TVPE 


C- 5c am  InsPectvom 
10  -22-  ?0 

<).5Q  PflrvAmfTP /CS 


xDCft.  FREQ . 


2^  MHz. 


Rep.  Rate  ^ _  Enebgn  ^ _  flom  40  dB _  Atten-  d§. 


iAvs.  Peak.  Output  . _ ^ _  Gate  Delay  _  Cpt£  uJioth - 

Scam  57p<?f.n  £>  7/s/dex  Thcr.  Q.o2S  Ln.  Index  Direction  _ / &A-/US 


tno\cf\Tion  Level 

/fJDICRT/OAJ  fiZ£fl 

1.  Not  bETe/in  ifJEb 

2.  25’%  Sack  R£i=i£Cr/<SK) 

3.  Soy,  Back  RePCEcnoAj 

4.  7  £“/*  Bach  Replectio  w 

5.  /OO  */•  SftCk  REF4f  crow 

6.  c  flACkf  ftf FLECTtOH 

1.  >  'Af  50.  IH. 

2.  ’/*#  -  Vz  so- in. 

3.  Vz  -  >  so.  in. 

4.  1-2  so.  in. 

£.  2-4  So.  in. 

6.  C4  so  in- 

Results :  /,0  ^/e/u/z^^/ur  /rjis/sjr/osjs 


TACOM  UflF 

UcrCA  SONIC  C-5cP IM  lusPecriou 

DATS-  JO'tt-S’O . 

Spring  No.  '3  sh  2.  *2  _  xdcr.  Type  0-5o  Pzt vm-wcs  x£>cft  freq.  2. 2 5  Mriz. 

Rep.  PftTg  5k  Ene8 sy  2* _  gA m  Ao  gB  Atten-  ~ 

A*&.  Peak  Output  . _ Qi _  Gate  Demy  !Q'2&#*  c,ptE  u/ibth  UH. _ 


Scan  Spccd  C-0  -^ps  7nc>c*JhcR.  °,02£  in.  Index  Direction  Teft/us_ 


Resuws ’  (a)  Leva-  2  Arce a  2  Vs'fc 


tacom  le^p  Sp«imgs 


Uctcasonic  c-5caw  Imspect/om 
Date  ■  /o- 23-12. 

Spring  Ma.  -3  cm2  xdcr.  Tvee  d-&  /bniAm^fCS  xocft  freq.  2.  2  S  ^ 2' 

fiEP.  PflTg  S'k  FnEISGS  ^ _  SfllM_4£_£L_  -AF7FM  lO'ZO^S, 

AiC,.  ftflR  Output  Q-&V _  <3pte  DftP'/  .  49- ^  £pr£  uJivth  7 


Results  :  juo 


rj  /f q/u  j  pificd  /sj£/C'i}  T'O'VS 


tacom  Leaf  Swings 


Uctra  sonic 
DAT£  ■ 

SPftlMG  No.  ~3  Z  *4  XOCfe  TYPE 


C-SCPtKi  I  NSPeCIIOM 
I0-Z3-8O 

0.50  PAMATAfTBlCS 


ftEP.  Rate  S'  K _  En£6GS  _  Sain.  40  dB 

yWs.  Peak  Out  pot  i/ _  Gate  Delay  _ IQ.  '-3Q  ^  £. 

Scan  Spccd  _  7a/oe<  7Ajeft . £  *  O  2-  S  •  Tnoex 


xDCft  FREQ.  1-  lyiHz 

_  ArrEN.  IQ  -  ^  dB 

Gate  oJidth  Zf^£ 
Direction  5~ - 


Indication  Level 

'/fJOiCAT/OU  A  HE  A 

1.  Not  fiETEAMlAJfB 

2.  25'%  Sack  R£FI£CT/oki 

3.  5°Vt  Sack  RepcecnoAj 

4.  7& */•  Back  Peflectio  m 

5.  loo  V.  8«c.ie  Re«£Cro/u 

6.  <  Sack  reflection 

/.  >  fe.  i». 

2.  ’/*#  -  7z  sq.iN. 

3.  ‘4  -  *  £a.  •*• 

4.  1-2  so.  in. 

2-4  So.  IN. 

£.  <4  so  in- 

Tu t<.  SjDjt. 


Results:  @  Z  /}£fA  J  '/z  4r 


tacom  Leaf  Swings 

Uctsa soNtc  C-5ca nj  IvsPecriou 

.  _  10-20 '80 
Da  t£  ■  -22- - 

S'PftiWG  No.  ~J  £N  2.  *  S  XDC.R.  TYPg  ^.7^~  Pa/jAMETB(C£_  xDC&  FRS<3.  — 

Rgp.  Rate  5fc  Fnesg'I  2-  Aaim  ^  dB  AfTEN-  . , 20  A8. 

/Ays.  £ea> 4  Output  _ Gate  Delpi  _ _  Gpt£  uJisth _ 7-f. 

ScfiH  Spec d  _  Tmocx  7mi-a  QQ2S  in.  Index  DiREdrioM  "T^/WS _ 


/4yg.  Pcflfe  Output  . _ 

£caw  Speco  ^ 


Iho\cpiTioh  Level 

//JOICPTIOAI  ftZEfi 

i.  Not  ?)ET£itf ikieu 

1.  >  £q.  in. 

2.  2S‘A  Sack  R£FL£Ct/6k) 

2.  'h  ~  '>z  5e».if*. 

3.  S°V.  3pcx  RepcecrioKi 

3.  4  -  '  sa-  ,|s‘i 

4.  7£*/.  8<ACX  l$£P£.£CTJO« 

4.  1  -z  SQ.  in. 

5.  too  */o  8PCK  R£P4£CT«AJ 

S.  2-4  5A.  IN. 

6.  ■*:  Sack  P£pl£ctic>n 

£ .  K  4  5a  in- 

Pe  sucts:  [jo  s/CyMrw/jr  Fla^o  /aj  oCArovS 


TACOM  UflP  SWINGS 


UcrCA  sonic 

Da  ts  ■ 


C-5CAIO  IMSPSCT/OM 

/nlzultt 


SPRING  No.  zJL  skj  2  *  (a  JCDC.R.  TVPff  0-&  (’nHUtoeTClCS  xocft.  FREQ.  2.2.S  tntiz- 

flgp  Bate  Sk  Fnessn  _  2. _  Sfliw_l£_iL—  Atten.  !Q_r  </- 

Av&.  ftflhL  Output  . _ Z2l  ^ _  Cate  Delhi  f0'  CatE  lJidth  — 7Ji— — 


Scan  SWgn  (o  In  bet  luck.  P-D2.S  in. 


Indication  Level 

Indication  A&ca 

1.  A/oT  DETEAA1  IKJED 

2.  2SV»  Sack  REfcect/oaj 

3.  S°V»  3a ck  Repi£CFoKj 

4.  7f*/«  Sack  Qefuctiokj 

5.  IOO  */•  Sack  Re«gcr*>Ai 

6.  4  Sack  reflection 

/.  >  fO.  >M« 

2.  '/•*- 4  3o.i  h. 

3.  '4  -  >  so.  •»». 

4.  1-2  so.  in. 

5.  2-4  3a.  in. 

6.  < 4  so  in. 

Index  Direction 


J&Hruis 


flesuixs  :  (#)  l,£uec  2  -  Ate  a  2-  sr/n/><x  sc#rrejee£> 

pfioBABLH  PUf  erjos 


®  Uue^Z  r)  #6A  £ 


tacom  Leaf  Springs 


UtTiS  A  SO  NIC  C-5CAM  iMSfecr/OW 


SPRING  No- 


REP.  Rate. 


- 4  5Ml  M 


fcNERG'l 


Oats  ■  '±*1- S°- 

XDCfc  TV  PE  (9,75  ^  PAr-rM\-,rTciCf  xdcR  FRE<9.  5.0  tY)hz _ 

2$  dB  £tJCS 

Z  (?A,M  40  dB.  Atttsi.  12-  dB  MIDOI6 


>Avfi.  Peak.  Output 


0-2  V 


5  ATE  DELfl'i  /0  ‘2-0  W* 


Cpt£  uJidth 


7ms 


/indication  Levs l 

lUOICPTIOM  fiiZQ 

l.  Not  lET£iw*JEb 

/.  >  '/*y  £a.  in. 

2.  2  S  %  Baac  REFUCT/dU 

2.  '/v  -  Vj  SQ.IN. 

3.  So*/,  Sack  RepLEcrroKi 

3.  ‘/a  -  i  So.  in- 

4.  75  */»  3acj:  j$  e Puerto  w 

4.  1-2  sa.  in. 

5.  (00  */«  8flC*  R£?iECr«Aj 

5.  2- A  So.  in. 

6.  •£  Sack  reflection 

6.  < 4  5a  in- 

Results  : 


rJ0  SI&KJI  F’CAsuT  fZ/Pi+j  HJOtSATiasJS' 


TACOM  LSAF  5P^imGS 


sonic  c-5c*m  Im sPecTiou 


DATS 


IQ-Bl -SO 


S'PftlNG  No.  lASaJl  —  ^  -  XDC.fi.  TVPE 
REP.  fiate  _  FnESGS  . . £  . 


n. IS "  PrkAmerzics  x0c«.  fzeq.  JT.  0  mHz 

?om  e-AJt>s 

_  40  dB _  AmN-  AP  dB~  M'OdL£ 


Ai&.  £ cPte.  Output 


0.2^ 


CATE  DfiA'f  /£>  •  £;)7-£  OJlDTH  7  MS 


£c«w  5Tpgg n  4  i ps _  7nocx  7Nca.  Q-P^-5  ^-n-  Index  DiSEcriorJ  — 7£^^_ 


(nOiCATIOM  L£V£l 

/fJDICPT/OAJ  ASSA 

1.  Mot  Derga^/xiED 

2.  2  5"%  Sack  R£j-l£cr/6K) 

3.  So‘/.  Back  RtpuecnaK) 

4.  7£*/.  Sack  Pe^lectzom 

5.  (00  */.  Sac* 

6.  <-  SACK  SfE'-JCTloM 

1.  >  ia.  in. 

2.  'A*  ~  Vg  sa.in. 

3.  Vj  -  i  Sa.  in. 

4.  1-2  5a.  in. 

£.  2-4  5a.  in. 

£ .  <  4  3a  in- 

Aesvlts:  a >o  f/6A/fr/fft-A;T  nfav  {AjoicQTioM 


tacom  Leaf  Springs 


L)(.TSAsonic  C-5c«w  lMSPeCT/OM 
Date.-  t°-ZJ.i8o_ 

SPRING  Na.  L  ~*3  XDCft.  TYPS  0-'l- s"  PAfJAft>6Tfiir£  xDCft  FRtQ.  S.Qn^hz 


ft£P.  Rate  7K _  Fne?g M  2- _  fifliu  dB  lAnr/i/.  /O' 20  dB 

/W6.  Peak.  Output  2\> _  Gate  DfU)y  .  f0'20  ^  uidth  7  ^ 

Scftu  5Tpegn  b  7n06x  Jn eft.  '*'n‘  Index  DtftEcriorJ  'J'/SA-kjS _ 


luo\ce\Tion  Level 

ItJblCRTlOH  fiSLSfi 

1.  A/oT  hETeZru>JEb 

/.  >  '/*<  E®.  IN. 

2.  2s"/e  fiflCX  R£FL£CT/6Ki 

2.  '/y  ~  sa.in. 

3.  Jo  *4  Back  RtPLecnoKi 

3.  V*  -  i  s®.  in. 

4.  7f*4  Sack  Pepi .^tt/ow 

4.  1-2  5Q.  IN. 

5.  (00  */»  3ftCK  REPtECTOAJ 

J.  2-4  5a.  IN. 

6.  <  Sack  reflection 

4.^4  5®  IN- 

Resows  :  ajo  r^rjiPOA-ror  rauJ  'tju<?#T'OfJS 


tacom  Leaf  Springs 


SPRING  No. 

ft£p.  Rate _ 


UcrCA  SONIC  C-5CAKJ  iMSPeCTVON 

DATS--  '°-Z'-?0  - 

-A  SN  1  *  A  XD  CA  TYPE  xDCft  FREQ.  fOOt 

5 K _  FNE6GY  ^ _  £airi  *4#  dB  ATTEH.  I2"20  dB 


/IV6.  ^A»4  Output  .-  J?-2  v/ _  Deeay  /g  647*  lJmth _ 7££ 

£caw  5P€CD__^_!ff _  7n6cx  7aj gR.Q^S-5  in.  Tndex  Direction 


lND\c/\TtoN  Level 

/fJDlCPT/OAJ  AbjEA 

1.  A/ or  t>ET£4>i  i*JfA 

2.  2s%  apex  reflect* saj 

3.  5o /•  Sack  ReFLecnoKt 

4.  75  *4  Sack  Reflectioin 

5.  100  *4  8ACJK  RettfCTmJ 

6.  <  Sack  reflection 

1.  >  'Af  5e.  »w. 

2.  Vy  -  *4  so.  in. 

3.  ‘/x  -  t  Sa.  in. 

4.  1-2  so.  in. 

5.  2-4  5a.  in. 

6. ^4  So  in- 

rtf'* 


P£5ULTS:(a)  /£!/££  2  /l££fl  |  2/i£ 

<©  2.  Aee*  ZL  ‘/zi 

(£)  Level  2  /};&?-/»  2  i/l  ^ 


<s> 


/o' 


<g> 


10"  — 


I 

*> 


h 


tacom  Leaf  .Springs 


Ultrasonic  C-ScPisi  ImsAsctvoaj 

Da  t£ 


Spring  No.  **4  ^ 


xd eft.  type 


Q.5o  PAVAfnereiCS 


xD eft.  FREQ.  3.£~  Jrwz 


Rep.  Rate  SK 

Enepsy 

(5  AIM 

4o*z 

Army.  lD~  1 8  dB 

4vs.  Ataj£  Output  D>.2V  Gate  Delay  1D'20VS 

n^Tf  LdlbTH  7 v* 

Scan  Sipeen  &  xP5 

_  InOex  JncR.  0 

-ndex 

Direction  TAA/US 

lno\cf\Tion  Level 

/fJOicdT/ofJ  Auer 

ECAfV 

~H,s  sit>e 

1.  A/OT  bET£&WKiea 

1.  >  5ffl.  IM. 

. _ ’ 

'■ 

2.  2?%  Sack  R£FI£CT/6k) 

2.  ’/y  ~  Vj  sc*,  in. 

:=:==^Z 

- -3 

3.  4o*4  Back  ReptecnoKx 

3.  ‘4  -  >  sa.  in. 

4.  7£  *4  s^ck  Reflection 

4.  1-2  se.  in. 

5.  foo  *4  8Ack  RePitcroAJ 

£.  2- A  So.  in. 

6.  <  BACK  PEFLECTtoU 

6.  <4  sa  iM- 

Results  :  $  LEVEL  £ 

/robicATio/us  aj€as.  /3/ict  su&tafe 

1 


tacom  leaf  Springs 
Uctca sonic  C-5caio  iMSPecnow 

DATS-'  JO-^-SO,.  ( 

ijf- 

_ . . . (p  XDC-ft.  TVOC  O-SO  /hlJAmfTeiCS  _  xDCft.  Fgg<=> 

REP.  Patf  FNE8SS  _ ^ _  Pain  40  dB  ATTEH-  ULIRm 

Ai6.  Peak.  Output  0-  2  u _  £pte  Demi  (&_ ~2-0  _  Cat£  uJidth _ Z^£ — 

Spcrn  (o  //*5  Index  Tuca.  0.O2S  in.  T^dex  DiRectioaI  -J 'SaJ^JL — 

Indication  Level  Indication  Auca  ,^Vaj  TV  IS  S 'Of 


Indication  Level 

Indication  Area 

1.  A/oT  DETEtF\lNED 

1.  >  sa.  im. 

2.  2s%  Sack  HCVUCTfON 

2.  '/*  “  V*  sq.iN. 

3.  i’o/i  Back  Reflection* 

3.  *4  -  i  sa-  'N. 

4.  7f*/»  Sack  Peplectio  n 

4.  1-2  sa.  in. 

5.  I0O*/.  QACk  ReFiECrcAj 

£.  2-4  54.  in. 

6.  <  flACk  REFLECTION 

6.  <4  ja  in- 

fiesuLTS:  @  Uf/eLZ  ^  / 
(t£)  UveL  3  /?e<=*  2 

@)  UuCLZ  Ptie*  2L- 


a  sm*u~  ivncpnoros  '/z.1 

'/z-t 


tacom  Leaf  Springs 


UcTCASONlC  C-SCP,  Ki  INSASCT/OM 

Da ts  ■  lO'ZZ'SO- 

SPRlMG  No.  ~4  SAf  1  XDOR.  TYPE  PA®*foe7f>tCS  *DCR  FRE§.  2.2S  ™  _ 

Rep.  Rate  ih. _  Energy  2- _  Aaim  4odB- _  Atten.  ID  ~  2-0  dB 

>4yg.  /VflK.  Output  . 0-2^ _  Qme  DEWY  IQ  -  Z<5  Vs  6/)r£  LJibth  U^L 

Scan  Speeo_^_i££. _  7 npcx  Thick.  ^‘025  in.  Index  DiRectjoaJ  l~£{r-M5 

iNcncBTtoH  Level _ /fjpiCQT/OAJ  Ab£A  £cfi-rJ  T ms 


lno\cf\Tton  Level _ /HpicemoAJ  fine  A 

1.  Not  6et£4> ii/uffl  >•  >  ,/Y  *«•  '*»• 

2.  2s"%  Sack  R£Fi£cr/e>Ki  sa.i*. 

3.  Back  RepcecnoKj  3.  '4*  i  sa.  in. 

4.  75*4  8/acx  QEPiecriou  4.  1-2  sa.  in. 

5.  (Oo  *4  8AC*:  REPifCTCAJ  5-2-4  5a.  in. 

6.  <  Back  PFEIECTiqN  6.  <4  SG>  in- 


fl£5ULTS  :  @  /(f^Z  Ate  a  2  /ue*fL  gutfixre  Aer&cTto'j 


TACOM 


Leaf  Swings 


UcTSASONtC  C-5CA  M  I  MSPeCT/OW 


Dat£ 


•  /6-n-za 


Spring  No.  ff-3  sm2  *1  xocR  tvps  A75’"  PfiMa2£J££L-  xdcr  f*hq.  '„AfT±f - 

fi£P.  Rate  _  En£?6S  ..  i -dB  .  -AnTA/.  - !$.-B 


fi£P.  Rate  _  En£?GS  .  1 _  -dB  .  AtTZN-  - !&. -B 

AV6.  PfeflK  Output  Oil  V _  G^e  Deut'i  .  _  >A:!S  »s  C*Tt  CJioth  5_£L. 

Scflx>  SWcn  7  >P3 _  7nqcx  Tmcr  O-Q^  ^-n-  Index  DiRHOnorJ  — 7?^- - 


Indication  Level 

IHOICXTIOH  Ai-Sfi 

1,  Nor  bET££ni/jf& 

/.  >  S1^  £q.  in. 

2.  2S’A  Back  R£i~UCT/qio 

2.  Vv  -  V2  s^. in. 

3.  So'/,  Sack  RtPiecPau 

3.  '/j,  -  i  fa.  in. 

4.  IS*/.  Back  Qefleotiok) 

4.  1-2  sa.  in. 

5.  IOO  Vo  SAC*  HSFUCT1CN 

5’.  2-4  5a.  i*» • 

6.  ^  Sac*  xt  flection 

6.  < 4  sa  in- 

■SCfiKi  "MIS  S'  06 


FlasuLTS-.  g)  Zojj  or  gir-acTiou  nr  'lMor  ««!/«.  „„ 

®  »K«  „  *.,  eoos  „„  e  2 


tacom  Leaf  Swings 


Ultrasonic  C-Scpi w  (msAect/ow 

iUT-f: 

Spring  No.  R-3  5*2.  *2,  xocz  tvpf  0-1$  J^n£MI£!£^- 

ft£p.  Rat  £ _ 5k. _  Eness'I  ^ -  Sain — 


/Are.  Peak  Output  , — IBAJL 


Cats  DtlAi  10- *5  N* 


xDCfc  FRcQ.  5-0 
_  ATTEN-  iB.  -  dB 

Cf)TE  UJlOTH  _  vf 


Scan  Speco  _  Jngex  7xx:a  ,Q  •  P<?-5^  ^-n-  Index  DtRscnorJ  — f  £  ft ai.1 1 


IfJOICATlOH  Lsv£L 

IH  QIC  AT/ OH  fizz  A 

1.  ft  OT  lt£T£2/^l>J£b 

1.  >  7^  'a.  im. 

2.  2£%  SrtCK.  R£j-UC7/6Ki 

2.  'A*  ~  V*  5s».if*. 

3.  i'o,/£  Back  ReFL£C776*J 

3.  Va  -  i  £a.  in. 

4.  7  £  */»  Sack  %e  auction 

4.  1-2  S3.  IN- 

5.  loo  •/«  sack  ssFifcrmi 

£.  2-4  54.  in  . 

6.  Sack  RcpLccrtoft 

<£.  <4  sa  in- 

fie.SVL.TS'.  (g)  (vb'CATiorvS  czuseh  BA  signal  Loss 

(1)  see  (S) 


Al  GU/iVt  0/u  £/l,^  0/r  sp£/AJ$ 


TACOM  UflF  Springs 


UcrfiA  sonic  C-5CPi M  lMSA;Cr/OAJ 

DA  rs  ■■ 

Spring  No.  ft -3  5m2  *3  XDCft.  TVPf  0.75“  PANamnics  _  xDCA  FZEQ.  SO 

R£P.  P atp  5 k _  Fn£?G'I  2. _  (?ain  40  dB  kntU-  20dK 

/Av6.  Peak  Output  O  ^.  v _  <3 ate  DtLA'i  .  2-0-2S  *>5  6$t£  uJ>£th _ ~ S^f_ 

Span  Spccd  _Z_if£ _  7n6cx  7ncR.  0-o/o  in.  Index  Direction 


72ANS 


lnD\CATtOhi  L.SVZL 

/fJDiCQT/otJ  fizeei 

1.  iVoT  6ET£a>l  /NETS 

2.  2  S'  %  fi«CK.  R£FL£CTJ6Ki 

3.  Back  RiPiecnot. j 

4.  75  V*  Qac*  ^jplktiow 

5.  100  V.  3ACK  !?fPi£C7»AJ 

6.  <  Sack  reflection 

1.  >  '/<<  sa.  im. 

2.  ‘/«#  -  V2  sa.tN. 

3.  va  .  i  so.  i is. 

4.  1-2  sa.  in. 

5.  2-A  So.  in. 

6.  < 4  sa  in- 

1 


Stan  Ro*\  th'£  riDr 


P  £  suers  :  g)  rue*  2  /fdicatio^  to'T«  uuet  2  signal  ^eesiw?) 

(D  S«»n£  AS  ® 

©  toSS  OF  S’iGnul  cause®  S'*  cviivfiTune  ow  fwj  o*= 

©  rooo  *e£*  1  «n0L6V€l2.  Ceuo  e,CH 

/»,££■#  flr  Pcv  £AJ0J  is  PPOfifl8£^  CtousE'. 


tacom  leap  sp«in<ss 


Uct«a SONIC  C-SCPiM  Imspsct/ow 

dw  'Ed&2SL 

SPRING  No.  R-3  *4  XDC.R.  TVPE  03S'  farlAnfftlCS  xD CA  FREQ.  mi . 


Aep.  Rate Fneps'I  -2 _  Aaim  40  dB  Atten.  iL dB-- 

Aic,.  Pzak  Output  — . V _  Gate  DEUi'i  _  £ht£  oJioth  <f-0 


Scan  Speed  ^  /p$ 


Jiubcx  IncA  O.Q2£  in. 


J-nb sx  DiAEcriorJ 


!  !?AfUS 


InoicPiTioh  Level 

IHDKPTIO/U 

l.  Dot  hzT£in  MEb 

l.  >  ^Q.  IJO. 

2.  2  S"/o  Sack  REFLZCV6/U 

2.  *A#  ~  Vj  jQ.iN. 

3.  i”0*/  Bacx  /?£P££C77<5AJ 

3.  va  -  i  sa.  in. 

4.  7£"/»  8-ACJi  %EPUCTlOIU 

4.  1-2  5a.  in. 

5.  /oo  */<>  8flCX  S£?i£C7-^AJ 

S.  2-4  5a.  i>». 

6.  <  flACX  SEAt'CTlON 

&.  < 4  sa  in- 

OCAK)  T-u'f  &0€ 


Results  :  (ft)  Level  Z 

(g)  Lemel  2 


i*j0iCA7'OAJ 

INDICATION) 


lUiTH  fitCA  3 
oj/th  AeeA  2 


'/i  t  p«o»vi  so/erflce 

^4  •£  Tforn  Su4f*CO 


tacom  Leaf  Springs 


Ut-raA sonic  c-5cpi jo  \vsvecTiou 

D»TS< 

Spring  No.  jvj?  Sn  £  xo eft  typf  ^■75~''  xdcr  frso.  s'-o  /"fth— 

fi£P.  Sat£_££__  Fn£8GW  _  X _  Sa/M _ IQJL? _ 

^ys.  f^a*.  Output  . 0-2.  V _  Cate  De tay  6*t£  uhbTH  — 

£can  gpggn  7 _  Tnocx  Irvck.  0  in.  Index.  DiRecdo^  — - 


IhO'crtiqm  Lsvzi 


/MQICQT/OA!  fik£(\ 


1.  Not  &ET£iAi;Ajgo 

2.  25%  gflcx  R£j-L£CT/£Kl 

3.  JJ/<  Sack  RgpcecffoK) 

4.  75*/.  gACi!  Qstiamobj 


i  /. 

>  4 

50. 

» N. 

1 

2. 

'/y  - 

4 

S0.1N. 

3. 

‘4-i 

1  So.  IN. 

4- 

1-2 

so. 

1  . 

2-4 

Sa. 

1*. 

LL 

.  <4 

3a 

IN- 

£Cfr 10  Tpi5  ^<t)€ 

I 


fleffl  2  Level.  2  iwOiMt^om  -  £fSV*>  /?«TN  Pzy  £X>DS 

dD  SA/ne  ps  g)  eteepr  nee*  3 


P  e suers  : 


tacom  Leaf  Swings 


Uctsa sonic  C-5c* m  i^Pecr/ow 

Dats  :  .  t0-l7-gc>_ 

Spring  No.  R-3  Sn<2  *6  XDCfc  type  O.IS"  PANftm£7-giCS._  xDCA  F2S§.  £-6fAhl 


Rep.  Pate  g* 


fc  NESS') 


/Ays.  Peak.  Output  . _ 6.2.  v 


2 _  flam  4g dB  AtteH-  26  dB- 

(S/Arf  Dewy  10 -  *£  oJ/oth  .  g  ^ 


Scam  Spec o  7  ,/:y 


/ndicatjon  Lrvst 

/HDICQT/OFJ  fiiSA 

1.  /YoT  Ii£r£i^;AJfO 

1.  >  '/<  ^Q.  IN. 

2.  Ss’*^  8  PCX  RSFLECT/6K} 

2.  '/v  ~  'fz  SR.  i'*. 

3.  i”o‘/  5  pcx  RtPcecneu 

3.  v2  -  1  so.  in. 

4.  7  £ ’/.  Back  i2spi.££7/on 

4.  1-2  SQ.  IN. 

5.  100  */»  3  acx  REPifCroN 

£.  2-4  So.  in  . 

6.  -C  SACV  SEElfCTIoN 

6>.  <  4  5a  in- 

7npc*  7ncr  °.D2S  in-  Index  Direction  .  - — 

S'PAmog  5*-awu£D  Ffeorvi  ThiS  S>oe  ■' 


Results  :  <g)  Ag6A  £  iwoi<?ation>  wi7h  tcuec  3  si<sa/a»..  Approx.  reom 

STPNNfO  Surface 


TACOM  Uaf  Swings 


Ul-TR A  SONIC  C-SCHk*  (MSPecr/OW 

Oats  •  .  IMMtL 


<rpftiuA  m a  f?4  £n1 

^  1  xr^B  tvpf  071&  PMfiff\fTt!C£  *dc&  F2HQ .  S'-^  fflhz 

ft£P  Satf  fk 

tNESfiS  2. 

6aiw  40  dB  Atttej. 

,dv/;  Pray  .On  tout 

y  _  rf4re- 

DfUW  !5'$0  V*  Aar£  OJlDTH  7 

57pprn  ^ 

7/^cex  TajcR .  0 ' ^25  in.  Index  Direction  / £fHOS 

lfJo\cBTton  Level 

lHOKRTIO/0  fizz  A 

f.  Not  De r£ar\iVct> 

1.  >  ‘/*f  £«.  in. 

1  ECAk>  THiS  S  lQ& 

2.  IS  Vo  Baev.  R£i-L£CT/6k} 

2.  V4  “  Vg  2A.IN. 

c~ — y  _ 

3.  So'/.  Back  Re^ucnoKt 

3.  '4  -  1  Sa.  in. 

-- — ^ 

4.  7 £  */.  e^Cfc;  £>E AUCTION 

4.  1-2  5Q.  IN. 

5.  IOO  V.  SACK  R£FifC7M0Aj 

S.  2-4  Sa.  in. 

6.  •i  Sack  re  plectiov) 

4.  <  4  Sa  in. 

fle suers:  @  kjabeow 

imdiopiT'Oajs  j_£v£"u  4_  .  5fn&Lc  Aecft  (3)  f  V3l  ar  Pci  evoi) 

EsJtb  of 

5P£»/JG 

©  kc-  © 


tacom  Leaf  Springs 


U<-T2A  SOfOiC  C-5CAM  IMSAECT/OAJ 


DATS-  Jb-20'8Q_ 
Sprimg  No.  Bid  ^  ^  xoca  type  QlUlL  Pam  a, 


xDCS.  FREQ. 


5.0  m 


A £P.  Rate. 


tNESG'l 


Gain  dB 


Atten- 


Indication  Levs l 

/hdicqt/oh 

1.  P/or  I)ET£iA1/WSfl 

/.  >  Sq,  in. 

2.  2  S"/o  drtCK  R£l-l£CT/6Ki 

2.  '/•*  “  Vj  5^. IN. 

3.  Back  RcpiecnoKi 

2.  Vi  -  \  so.  in. 

7£*/<  3/4CJi  QsELECTtC  M 

4.  1-2  SQ.  IN. 

5.  (00  */»  goo;  SsPisor^jAj 

5.  2-4  54.  IN. 

6.  ■<  Sack  aESLEcTioN 

6.  <-4  sa  in- 

A  ESUCTS  '■  (J)  fltlE#  -3  Lt\J€t  3  tVA/2 QotO  itJC/OATIOfiJS 

(It)  fle£«  2  uu£o  3  Sfi-me  /^s  (a) 

(£P)  /?£€*>  1  L€0^3  V 2.- f 

(§)  S€G  0 


tacom  Leaf  Swings 
U<.THft  sonic  C-5cam  Imsa=ct;ow 
OATS-'  ■  IO-?°-?Q- 

Spring  No.  jM  s*  1  *3  xdcr.  typs  O'1*'  PwfirrcreicS  xdcr  fzeq.  £.0 

Rep.  R ate  Sk. _  Fn£?G'|  2- _  SfliN  .40  dB  . .  Attzn.  — ^_diL 

At&.  p£AK  Out-put  V  DfU»v  ..  JJLE^J-L-  6at£  uJiOth . 7//r 

^cflw  SWen  fPS _  Isjtict  ItjcA  0.  <?2£~  in.  Index  DiRhgtio^  — fJLBZZ*-. - 

!  INDICATION  i£U£L  INOICATIO/U  fiiCA  I 

j  - ~—r — -  “  SCAN  F£orA  this  S»  o£ 


Indication  Lsu£l 

lUOICATIO/U  fiiCA 

1.  Not  t£Tzir\i>J£D 

1.  >  ’/#  fa.  im. 

2.  SS^  grteic  REFLCCT/OKi 

2.  Vy  ~  ^2  aa.m. 

3.  io'/J  Sack  HepcecTioju 

3.  V2  -  i  so.  in. 

4.  75*/»  BACK  ^£PL££T/OZU 

4.  1-2  SQ.  IN. 

5.  ioo  •/«  gac*  aep£fC7.8N 

£.  2-4  36.  m. 

6.  ■£  gACK  P  ?  rLECTl ON 

6-  <4  sa  in- 

Results  : 


(g)  Level  3  flueo  2L  */$ t  0>ln  cmos) 

(D  Level  Z  Ate  a  /  Zzlr  ' 

(£}  Level  3  fined  2  '/j  4 

<D  UU6C  2. 

(D  3  2.  '-4  ■*•  2/a  f  0-^S) 


>  1 
/ 

( 

*  /< 

i 

■  ,1 

j£ - ^ - "5 

_ L _ 

i 

|J!i 

—  13  - 

SCfiM  l£N6fH 


-  13' - 

SCM  VnLTH 


C-24 


...  tacom  Leaf  Springs 


Uctca sonic  C-5cam  ImsOsct/on 


Dat£.-  io-Z<z4Q 

SPRING  No.  Bzd  Sl±t  At  XD C.Z.  TYPE  0S£>  ^M/IIV£TE JC£>  _  x0cft  FZEQ.  2.2G  mHz- 

Rep.  Rate  Sk  Fnesss  .  „£ _  Gain.  40  '  dB  _  ATOM  J2:  .'g-gg. 

yAvs.  Peak  Output  Qj3z2L _  Gate  Demi  10 :?0  /J-S  .  Gate  uJidth  — 7 - 


£cak»  .^ppgn  &  J-P 5  7nocx  Tuca.  Q&2S  ^n- 


Indication  Level 

Indication)  Area 

1.  Not  DETEfi^/wfa 

2.  25"%  fiPCJt  R£Fl£CTK»U 

3.  i'O/i  fipcx  Repiecnoki 

4.  7£*/«  Sacx  Reflection 

5.  IDO  *u  g»Ck  REFLECTION 

6.  -E-  Sack  reflection 

1.  >  V*f  S«.  IM. 

2.  V*  -  Yz  so.i*. 

3.  ‘At  -  i  s*.  '«• 

4.  1-2  so.  in. 

5.  2-4  5c.  IN. 

6.  <4  50  iM- 

Index  Direction  -7^— £ 


Results  ‘  (a)  Lsuel  z  Acer  2.  seueepL.  £Vn«u_  Discoivr' rou  pa 

AOCATCD  Fr/tbUWD  '/&  "c. 


<3  56£<3D 


tacom  Leaf  Swings 


Uctcasomic  C-Sct\ m  (MSPecT/ow 
D*TC-- 


Spring  No. 


fiep.  gflrg  Sk 


XDCR.  TVPe  0-S£>  frUAtweTZJCS  _  xDC%  fzs^.  2-2S 


Fn£8SM 


gfllM-.  AO  dB 


Attzn-  lOllfL  _ 


Ar s.  Penn  Output  -  J2jEJL _  gArf  Delat  /D-2o^s _  anr£  uJioth  _J_ 

S<mw  Spccp  (2.  flrx  7/jea.  0-d2S  in.  Index  DiRec.tjoa»  -II 


•7  /US 


Scan  Spcco 


/notation  Levei. _ /fJQicnr/cu  Ahea 

1.  A lor  &ETEfl>ii*Jffl  /•  >  r°-  IM- 

2.  2$%  Srtcx  RCFUCTASM  2.  •/<<-  '4  Sa.iN. 

3.  So*/,  Back  ReFi£cna**>  3.  14-  1  *o.  in. 

7 £  */»  Sack  QePt&cnoio  4.  1*2  sa.  in. 

5.  ZOO*/.  BACK  REPiECroAJ  £.2-4  30.  in. 
i6.  a*CK  AEPUCTIOM _ 6.  <4  sa  in- _ 


_s?anj  THI<  S,D£r 


Results:  &  U^l  2  fine*  I  '/3  i 


026 


tacom  Leaf  springs 


Ultrasonic  C-5ca m  ImsA=ct/ow 


Spring  No.  QlA  SnJ.  * 6 


DATE  ■ 


10-11-80 


XDCfc.  TYPE-  6-15  pANAMfTeiCS 


xDCR  FkcQ. 


S.O  /mg. 


A5P.  Rate_Jl£ _  Fn£?S'|  2. _  £aiu  40  dB  AtteS-  .  Jo  dB 

/Ays.  ArflJi  Output  ■  £ Z _  Gate  Delay  Z5-- gU  £*-£  uJizth  _7_/j5 _ 


Scam  Specd  _  7/uflgx  7 ncR.  0.020  in. 


/nDiCAT/OM  i.£V£L 

/tJDlCAT/0*J  fizz  A 

1.  /Yor  I)cr£4>iiAJffl 

1.  >  ‘/f  £<a.  in. 

2.  2  5%  9  PCX  R£Fi£CT/6Ki 

2.  '/*f  -  Vi  5S>.IN. 

3.  5”o*/i  Sack  RfPi.£C77PAj 

3.  Va  -  i  sa.  in- 

^•.  75  %  g^cx  P?pl£CTip  n 

4.  1-2  sq.  in. 

5.  100  Vo  8PC-X  F.ZriiCT!OM 

5.  2-4  5a.  in. 

6.  5  Sack  r?P(.?cti<?n 

6.  <4  sa  in- 

Index  Direction  HAUL 


Results’,  (a)  LCYeu  2  iwoicprous  -  peeA  i  -  ppoSaSl'/  Pov  cajos- 


£ 


13 


scn-ro  Leto&TH 


tacom  leaf  SP«>n<ss 


Uctra  sonic  C-5cam  Im sPecr/ow 


DAT£ 


t\~  3 


SPRING  Na.  Ezl  S"  1*1 
RCP.  Rate _ =£* _  Fnecsn 


/4ra.  flea*  Output  v 

Scan  Speco  6  I£L 


XOC.R.  TYPE  6J02.  .  xOcA  FR£^.  2>-XS  - 

2 _  gam  40  dB  ArrzN-  £l££.  dB 

_  Cate  Demi  to-ZcuS  .  4^/ dtp  5-^0  ^ 


JuflDt  Tkca  .  °  « 025  in-  Index  Direction  )!££. 7— 


iHQtcATiou  Level _ Ijjomt/oh  fierA 

1.  tier  bETta.tvMsi  *•  >  ,/‘<  £c-  '**• 

2.  2S%  Back  R£FI£CTKju  1.  'N  -  %  sa.i*. 

3.  So*/,  Back  R£pucFeK>  3.  *4-  \  sa.  im. 

4.  7S‘A  Back  Reflection  4.  I -z  s®.  ip. 

5.  fOO  *4  8«cje  Reflections  S.  2-4  s*.  i*. 

6.  <  flACK  PgPLiCTlQN  I  6.  <4  3a  im- 

Results  ’  (a)  Level  2~  Arize*  £  '/2.*£ 


l  Scfrnj  T  f> fr  r,oc~ 


s: — 


sT^n.T 


tacom  Leaf  Sp«'n<ss 


Uctca  sonic  c-5cam  IwsPecT/oN 
Date  •  — 

Spring  No.  R-5  St±  1  *2  xodft.  TVPF  ^.5<3  FbHAMere/cs_  xDCR.  FZE&.  2,-^S  — 

fi£P.  PATg  .5^  FneeS'I  2 _  flail*  ^OdB  _  AT7EN-  &  zJkJL 

Ai&.  Peak.  Output  0-2.^ _  gate  Delm  ,’P.: IQ-^J -  Gate  uJidth  5 'J? tL. 

Scan  Spec r>  ^  7mflgx  Tk>ca  0*0 2£  in._;  Tnoex  Direction  — )h£J_ - 


Ino\catiou  Level _ Iudicat/qaj  Aa£A 

1.  Hot  fiETE4fl/N£a  !•  >  ^  ,M* 

2.  25*%  3 flex  REFCECTASKi  SO-1H 

3.  i"o^i  3acx  HEFtscnot^i  3.  —  i  sa.  > N* 

4.  7£*/>  Back  QsPucTJOKi  4-  >•  2  5Q-  *w. 

5.  100*4  3flex  i?eP4£0r«Aj  S.  2-4  3a.  i*. 

4.  < 4  5a  in 


RESULTS"  p*  it6NiF'?i?~/i/  r  ,,\ja/<*/ir'0'Vt 


ZCAAI  THIS  <'0{r" 


...  -  ft*  ‘ 

'n - 

10 

tacom  Leaf  Swings 


Uctsa son<c  c-Scp ikj  IvsPecTiou 


Date 


II-  3 -80 


SPftlMG  No.  R-5  5M  1  ^3  xocft.  TVPF  QJ2.  fe»*"eretcs  _  XDcA  F2£$.  2,-ZS {^j± _ 

A£P.  Rare  Sk _  Fnebsn  2 _  Gam  .40  dB  _  AnrM  _ 


A'i&.  PsfiK.  Output  . _ ft  ft.,!/- 


££A>J  5Pe£0 


_  CJatf  DEW'f  /0-2oxis  £4T£  uJidth  S-/OtiS 

T^flcx  IhiCA.  °«Q^-5  in-  Tnoex  Direction  _ - 


lnotcATion  Level 

Iuoicbtiom  fine  A 

1.  Not  fiergAM/A/Tfl 

2.  2  5"/.  8  Pcx  HEfuctkju 

3.  i”0^  Sack  Repi£CT>ok> 

4.  7  £*,4  Sacv  $EFucneu 

5.  100  *U  Back  HerLECTJov 

6  ...  <  3ACK  fj£FL£CTtO*J 

1.  >  'Af  E«.  IN- 

2.  'N  ~  %  sa.in. 

3.  ’4-  1  ea.  1 
■4.  1  -2  sa.  in. 

£•  2*4  5a.  in. 

6.  < 4  3a  in- 

J 


gCAK)  TH/S  Side 


Results  -  (A)  Leuec  2.  fii2ea  2.  3 4  (pl<{  f/vos^) 

®  Uu6c  £  *ec*  £  re*;**/  n^u  ‘4*6 


rnaiec 


tacom  Leaf  Springs 


Ut-re  a  so  nic  C-ScPihi  I M sPecrio m 
DATS-  - 

Spring  Na.  R-5  SM  1  *4  XDCft.  TYP£  a. 50  FkNAMare/cs  .  xDcft  F2£$.  Z-SLS  MU*-  _ 

ftgP.  Rate  ^  FnESGN  _ 2 _  SAIM  *T7EN.  J23UB. 

At&.  ftflfcL  Output  v _  (Sate  DOA'f  10-20***  6/?r£  ^or«  *"'/0  u5.. 

£can  Spgrn  ig  lube*  TucO,  0 ,02£  in.  TndEx.  DiRectioaJ  — )[t£Tj_ - 

\SCffr)  TcHS  S/Df 


Results  -  /Uo  fftebif'CAfUT  f2/k*J  f jUjO/Qf\rT/0'0% 


Indication  Level 

/UOICBT/OAJ  /)E£A 

1.  Her  bET£&mtj£b 

2.  IS*/,  Back  R.£FI£Ctk>/U 

3.  So%  Back  AepLecr^f-j 

4.  7  S  m/»  Back  Qeal ctow 

5.  IDO  •/,  SACJ4  ReP^CTiOAJ 

6.  <  Sack  aepuction 

1.  >  VSf  fa.  im. 

2.  'A#  -  v2  sa.in. 

3.  ‘4-  l  sa.  in. 

4.  I -2  so.  in. 

5.  2-4  54.  if- 

6.  < 4  so  in. 

tacom  leap  5p«in<ss 


Spring  Na. 


Litre  a  so/oic 
DATS- 

B-£-  1  *  £  xo cr.  type 


C-5cam  Inspection 

//-V-  £g 

fanAM£reics 


ft£P.  Rate  S’ k _  Fnesgn  2 _ 

>4  vs.  ftflK.  OurPOT  -  0-2-^ _  6  ate  DELA'l 


Gaih  40  &b 

!d-?0^ 


xoca  (=*£§.  Z.3S 

_  Atten-  jg, 

Cat£  uJwth  £z£H£L 


Scan  /Tpggn  IPS  7m  ant  7ugfl .  0,025  in.  Tn&Ex  DiRecxioaI  — \1EEJL. 


Ihcxatioh  Level 

Indication  fine  a 

1.  Har  fiETEfl^/Ajfa 

2.  2 S'*/,  8*CX  RSFUCTXlKi 

3.  i”0*/  Bach  RepLeCToKt 

4.  7£*/.  Sack  Qepucdow 

5.  100  V*  B*Ck  REPiEC7*5AJ 

6 .....  <  aACX  REFLlcrioM 

1.  >  S«.  IH- 

2.  '/*#  -  '>i  3A.I«. 

3.  '/x  -  >  Sa.  in- 

4.  1-2  SQ.  IN. 

£.  2-4  5*.  i»*. 

6.  <4  sa  in- 

£<■ 


gePrN  ~h  > S  s>  Dfr 


R  esucts  :  (^)  leuec  <2  fhteAZ  C^€/Vb) 


tacom  leaf  Sp«in<ss 


UctCASON(C  C-5CA  M  iMSPeCT/OAJ 


DATS  •* 


SPRING  No.  1^-5  5M  1  £  XOC-ft.  TYPE  &-s°  fk»AMere/CS  _  xDcR  FREQ.  2-25  MU&_ 

figp.  Rate  FnergN  _ 2 _  flam  dB  *nZ7Y. - 


Fnergn  _ 2. 


/4ys.  Pear.  Output  . — 0.2  v 

£cpw  Speco  ^  ^ _ 


Gate  Delai  ^Q-dOfoE, 


ATTEN- 


Gate  uJioth  5-fo 


Inna.  Tfjci.  0-022  in.  Index  DiRec.T)OA> 


Ihokatiou  Level _ Iudicatiqm  /)zea 

1.  liar  bETts.n  iwfa  >•  >  £a-  ,M* 

2.  2 SV*  Sack  k£Fl£CTK*l  Z.'h~'>z  so-in 

3.  S°'/»  Sack  R£pi£cncKi  3.  V*i-  l  Sa.  in. 

4.  IE'/*  Back  ^EPtecnoKi  4.  1-2  5Q.  in. 

5.  10 0*4  BACK  HEFIjECTIOM  £.2-4  3a.  in. 

£.  <4  sa  in- 


PeJULTs:  (?)  /Eve*.  2  tfegp  2. 


<.CQN  T(J-IS  s  /  £>£- 


tacom  Leaf  £p«in<ss 


UtTSA  SONIC  C-Sct\Si  INSOECT/OW 

oatc.-  lk±^— 


SFRimg  Na.  RrS  sn  1  * 

1  vp\/»d  rvoff  a.  .50  mvAMETercs 

xDcfi.  F »SQ.  2,-ISmFz. 

ft£P.  Rate  -5^ 

Fnebss  2 

<5  a  IN  40  .<3B 

Atm.  l0'2Cte  _ 

Avfi.  /Vox  Output  0.2.  \J  Gate  Delas  ID-'&D*jS 

A  AT*  LUltsTH  S'^'05 

/TcflW  £pern  ^ 

JnOCX  J/vcR  _ _ 0_ 

,025  in.  IwOEx. 

DiRscriofJ  _ - - 

/woicatiom  Level 

/mo icat/oaj  Area 

1  <r  a-f\.  t  u-i  <  </r\C 

1.  A/CT  fiETgAAI/Wfa 

1.  >  fa.  im. 

2.  2?%  8  PCX  R£Ft£C7fCKi 

2. '/<<  - '4  aa.iM. 

- - 3 

3.  4*0/£  Sack  RepueneKt 

3.  ‘4-1  sa.  im* 

4.  7£*/«  Sac*  Repuc77ow 

4.  1-2  aa.  in. 

5.  /OO  *4  SACJi  REH6CTIOU 

S’.  2-4  3*.  im. 

- 

6  .  <  a  A  ex  REFLECTION 

6.  <4  so  in- 

^esuuTS  :(f)jjsviei.  2  2  Jo:r 

/k> ssoe  F/eo/or  sufc F#ce  SefieCT/o 

(3)Levd  Z 

4-72^4  2  '/ef- 

( T)Uufc  z  fttea  /  2/j-fc 


& 


tacom  Leaf  SA«'f*ss 


Ut-TC  A  SO  NIC.  C-5CAJO  IMSPSCTVOM 
DATS-  30 

£PftlK><3  No.  g-4.  ^1  *1  XDCR.  TYPff  3.50  H,NAMBre/cs._  XDcA  F3J£Q.  Z-ZS  - 

AFP.  PflTg  Sk  Fnessn  2  SAiM_i£_£®_  AnTN-  Is-'12  dB; 


y^YS.  Peak.  Output  - - 0-2sJ 


Gate  Delay  W-Zo^s  .  Gate  uJioth  — ,£> 


£cpk)  .?Pggn  <g  7 sibert  7\> cA.  0  *025  in.  .  TndEx  DIRECTION  — ^te-T.. 


Ihdscatioh  Level 

Indication  Area 

1.  Hot  bET£i*vMEb 

2.  2 S'*/.  Back  HEFUCtkju 

3.  Soy.  £a cx  HEFi£cno aj 

4.  7S*/«  S^CJd  ^£Pl£C770W 

5.  100  *4  8AOi  REPifCT*5AJ 

6.  <  Sack  reflection 

1.  >  Y-i  so.  »»• 

2.  ’/**  -  Vj  50.1  m. 

3.  *4-  l  so.  in. 

4.  1-2  SO.  IN. 

S’.  2-4  5a.  in. 

<£.  <4  5a  in. 

stt&aj 


th/s  3-/&<£ 


Results  *  ®  Lcuec  '  Pneb  \  seuetzal  5m^ ^  i*j  me at>o*-js  >oj  >/+-'$  Aizg-a 


<k 


tacom  Leaf  Swings 


UcrCA  SONIC  C-SCA IO  I MSA=CT/OW 

Oats  ••  M'&'M 

Spring  No.  tWj>  SajJ ** 2-  xoc.R.  Type  &JS2.  %»**££&££  xdcR.  fssq.  2*-X5 mU*. 

ft£P.  Rate_  SM _  Fnebgm  £ _  gAlU  4-0  dB _  AtteN-  ULlJL 

M&.  Peak.  Output  . _ 0_-2u _  QaT£  Demi  10-30  OS  £flT£  ^orH  /O^S 


^OflW  SP€CO  £ _  JnC«  JncR .  0.025  in. 


/a/0«CAT(OM  Level 

/hoicatioaj  A  ns  a 

1.  A/<JT  fiE^a^/Nfa 

2.  2$%  8«c*  Q£Fl£Cr/6jU 

3.  So*/,  Sacx  R£Pi£g/7p**> 

4.  IS*/.  Bach  Qepuctio  k> 

5.  too  "4  sac*  ReEifcroAj 

jL. _ <  a*CK  Z£  FLECTION 

1.  >  '<4f  3C.  IN- 

2.  '/•#  -  V2  3ft. IN. 

3.  ‘4  -  1  so.  in. 

4.  l-£  3ft.  in. 

5.  2-4  54.  in . 

4.  ^  4  5ft  in- 

Tnosx  Direction 

StflUj  -rtftJ  Ciae 


1 


Results:  (p)  5*,*^  g  Pre&A*  2  £ (Zco'UTt'UO/nez  2/3-k  e'uos') 


TACOM  LEAF  SP^If^SS 


UcTSASOMIC  C-5CA K1  I  MSP £CT)OM 


DATE  •  — 1°'  3  \-  3.Q, 


cpftiM/i  Wa.  R-6  sk)  1.  ^ 

/  xoc-ft.  tvpe  p  50 

fk»AMEr£/CS 

vnra  PSIA  Z1S 

Pep  Patc  J'A 

Enessm  2 

5a.n  ^OdB 

AT7TW.  /f -  '«  dB  _ 

Pray  /Oiirrvix  0.2.U  Gate  Delay 

10-  2.0  /t»5 

/jJiorH  5-/0  A’S 

Oraw  ^oce n 

_  J/jfiex  JncA, _ ^ 

.<325 

•*-n‘~.  Index 

Direction  ve^T 

tno>cf\Tion  Level 

//JDICAT/OAJ  fiAEA 

I  EC At U 

Th/s  Sfd€ 

l.  A/ err  bETE&niAjfii 

1.  >  '■'•f  fo.  m. 

J_L_ 

2.  2 S'*/.  Sack  RSFLECtkju 

2.  '/*f  -  'U  sa.i*. 

'===: 

- - 1 

3.  £°Yt  3acx  REFtacneK* 

3.  '/x-  i  sa.  in- 

4.  7S*4  Sack  ^EFucnotJ 

4.  1-2  sa.  in. 

5.  10 o  •/•  8  fit*  Re"iecrcAj 

5.  2-4  54.  i»»- 

- 

6.  4  SflCV  SfPLfCTlCJN 

4.  <  4  ja  in. 

£  suers  ’  ®  £ 

£  loc*7Ao  Afiowa  2 /3  k  - 

Se  V&<z  AC.  S 'm  AUJ  IMQICA  T/DAJ  1 

( | )  2 

Err\AUJ  /AJOfCr)  T/DAJ I 


*  tacom  Leaf  Spsiwss 
UcrcA sonic  C-5ca M  Im sAsctvon 
DATS.'  JZziLM. 

Spains  No.  R-L  Svl  *f\  xocft.  type  o- s0  fo»*"creics . 

ft£P.  Rate.  Sk _  Energy  2 _  Saih  40A b 


j4yg.  Am*.  Output  0-2-V 


Gate  Demi  iQZovs 


Scan  Speco  ^ 


JnPcx  7xiefl.  0  *025  in.  TnOEx 


xDCft  FREQ.  Z  ZSmUz 

_  A77E7V.  g*-  dB  . 

Cate  oJioth  £->0 
Direction  ^F<eT~ - 


lnotcATiou  Level 

/ note  ATI  OH  A  US  A 

1.  Hot  lETEinivfb 

2.  2SV.  Back  H£FI£CtkjS 

3.  So*/  Sack  Refvz&icka 

4.  7£*4  Back  Qefuct?om 

5.  IOO  •/,  sack  ref4£C7*>aj 

JL _ <5*CX  PE  FLECTION 

1.  >  5«.  IN- 

2.  7*  -  v2  3A.IM. 

3.  *4  -  i  sa.  im. 

4.  1-2  3«.  IN. 

£.  2-4  so.  IN. 

6.  <4  so  in- 

•Sc  Ain  T#/s  rso<*- 


Results  :  <3D  ^oePfiL  Ac  vet.  2  MF*  f  //oo/cat/0<vs  f/z~  ^3  *k 

(J)  Level  2,  Aeea  t  z/3~k  sm*>Lu  /fjoi’c^y^5. 


tacom  leaf  Sp* in<ss 


£Pftl MS  No. 


(Jt-T2 A  SONIC 

Da  re  •• 

1*  C  XOCA  TVPff 


C-5caw  Imspsctjow 

H-3-fO 

0.50  Pb>JAM£rercs 


X0C2.  FJ?£0. 


2..JL5A7A/C 


fiCP.  Pate  j£A _  FnessS  2 _  Sain  4DrdB  ATTEN.  £l ^  dB _ 

/4vs.  ftp*  Output  _  ^  v _  (Sate  DfUJ'f  tO-ZouS  q^t£  uJi&th  £zi£. VS 


S’oaw  Sp€co___£J^ _  7nocx  JncA.  °»Q2£  in.  Tn&ex  Direction  ^eRT' 


lnc>\cf\Tion  Level 

/UOICFT/OAJ  fizeft 

1.  Not  "bETEifyiKiet 

2.  2S%  8pcx  R£Fl£Cr/&i u 

3.  ■5’°/^  Back  Reflect)1**- j 

4.  7£*4  Sack  Pepuctiou 

5.  loo  *4  Sack  ftePifCrcAj 

6.  <  Sack  «f  election 

1.  >  S«.  iu> 

2.  '/<<  -  V2  «.in. 

2.  Vj,  —  l  so.  in. 

4.  1-2  so.  in. 

£•  2-4  5a.  in. 

£ .  <4  sa  in- 

R  65UC.TS  i  wo  £i&fijiF'C/>AJT  FtAu)  sAjo/C/9P0AJ<' 


L  .L  o-  J.  r-'  g 

1 1  i  x  0  >j 

r 


25" 


C— 39 


tacom  Leaf  swings 


UcTCASONic 

C-5CAW  lMSP£C770W 

04  rr  • 

/i-  3-80 

£PRim6  No.  R-4swj  *1 

vr\A®  tv  or  4.-50  faNAMeretCS 

P*P«  Z.XSM^z. 

A£P.  Rate  SM 

FnESSN  ^ 

S/UM  ^0  dB 

Atjtm.  <?-/&&£> 

4v&„  Pcav  rtnrauT  0-2  V  fi/ATE 

Delay  10 -2o  AJS 

F,C,t F  LdlOTH  ^~/0  °S 

Gca  w  .^Tpcf-n  ^5" 

Jbtcet  J/vcA .  0 

.025  in.  Tm&Ex 

DiftEtnoiO  VS&t 

Indication  Level 

IhDICATIOM  Ab£A 

/  row  TV*  s-'a<c 

l.  Hot  'bET£i*M>jfb 

1.  >  V<<  fa.  ■»• 

2.  2$'%  9*CX  d€Fl£CTfO AJ 

2.  7v  -  V2  2a.  im. 

- —3 

3.  Sack  RePiECnoKi 

3.  *^  -  i  Sa.  in. 

4.  7f*4  Sack  Qepuctiou 

4.  1*2  fa.  in. 

S.  ICO  •/,  8  A  Clt  RfR£C7*5AJ 

£.  2-4  5*.  im. 

- 

6.  4  Sack  hf«jctic>*j 

6.  <4  so  im- 

R  esocrs  :  (fi)  Uu&l  Z  Z  /it 


tacom  leaf  springs 


Spring 


No. 


Ultrasonic 

Da  T£  • 

R-7  5Ai  1  XDC.R.  TVPf 


C-Sc am  ImsPect/om 

to-  'xg-ao 

0-SO  C& 


XOCA  FREQ. 


2. 2S  /n^g- 


ft£P.  gflTg  sk _  Fn£6GN  ^ _  fiflim  40  dB _  AT7TA/.  UizJJL dB 


A*&.  ftp*  Output  _  Gate  Delm  lo-20^S  Gf)T£  ^/DrH  5-  >Q  £j£ 

Scan  Socrn  ^  Isibe*.  ThcA.  Q-&2.S  in.  Tndex  DiRecxioaI  -.  \J&c3~ 


/notation  Level 

IHCHCPiTIOH  AZ£A 

1.  Nc rr  6ete*ai  met 

2.  2SVo  Back  R£FL6Ctk>/u 

3.  Soy.  Back  ReFtecrroKt 

4.  7  £*4  Qflck  i?fPt£C7/ow 

5.  /OO  *4  8ac«  rep4ECt*3aj 

6.  <  Bach  re  election 

/.  >  Y>i  SQ.  IN. 

2.  7*  -  *4  3A.iH. 

3.  4  -  *  sa.  in. 

4.  1-2  s«.  in. 

£.  2-4  34.  in. 

6.  < 4  sa  in- 

Results:  @)  /^o,r^T>oro  3v  Sac*  ooau  Cui?ufiru2c  a/vo  Ncr  Sy  Di^c,jr,uu,r* 

©  Level  £  2  nPPHOi.  '/si. 

©  Uucc  Z  2bzeaZ  .  '/st 


tacom  Leaf  .Springs 


(JcTCA  SONIC  C-SePthi  I t^SPeCTIOM 


t>ATC' 

SPftIMG  No.  BH  ~f,J  ^  XDCft.  TYPE  050  ,  xDCft.  FREQ.  2  Z£ 

ft£P.  Patf  5*k _  FnERGN  2 _  Gaih  40  dB _  Atteh.  /£-/?_?& 

At &.  Perk  Output  °-2  V  Cate  Del/W  !0-?O  L>S  _  CrtE  lJiuth 


£CAW  *iPcrr>  b  ^PS  7 Mbcx  Tuck.O  -dZS  in.  TnOEX  DlRECXIO/'J 


Indication  Level 

/UDICAT/OtJ  A  EE  A 

1.  Hot  Dete«>i»w«> 

2.  lS%  Sack  REFCECT/gaj 

3.  So*/t  Sack  ReFLEcnoKi 

4.  7£7i  Qack  Reflection 

5.  /OO  *4  SflCk  REP6EC7CAJ 

6.  <  Sack  reflection 

1.  >  fa.  im. 

2.  'h  -  *tz  50.i  n. 

3.  *4  -  »  sa.  in. 

4.  1-2  sa.  no. 

£.  2-4  5a.  ■**. 

6  •  <4  3a  im- 

t/eer. 


Results'  (g)  signal  logs  2>ue  to  cveuPTuee  o>-  the-  sp£>rJO  H/uo 
Uuec.  2.  jrJOtcHT/QflJ  A  7  'Bi  CP&  £N  a) 


tacom  Leaf  .SPainss 


Ultrasonic  C-5cam  l/o£P=<rnow 


DATS:  IO-W-0O. 

Spring  No.  R-7  sm!  *3  xo ca.  tvps  0-&  Pamaiv ernes xDcA  F zeq.  _2_ 

fi£P.  RflTg  Sk _  Fnesss  .  —2- _  gAiu .  dg  _  knzu. 

Aic,.  Pep*.  Output  0-^-v _  Sate  Deim  10-20  JJ£  _  £qt£  moth 


£can  5Tpgf-n  b  — PS 


7 hoc*  TncA .  0.D2S  in.  Index  DiAectioaJ 


/notation  Level 

/NDICPT/OPI  flZEA 

1.  Afar  DET£tt>1  /AJfH 

2.  2S%  Sflcx  R£Fl£CTKVO 

3.  i”o*/£  Spcx  RtPiscnoKi 

4.  7£*/*  aACk  Re  Puerto  hi 

5.  too  */•  8 aos  Re?^cr*5Ai 

6.  4  flACV  PPPLECTlOh) 

1.  >  IN. 

2.  '/•<  - '/2  Saji*. 

3.  *4-  *  s*.  IH. 

4.  1-2  sa.  in. 

S’.  2-4  34.  in- 

6.  <4  3a  im- 

fl  ssults.  : 


(g)  INOIC^TIQU  CPuS€D  '8/  Sl£/UA<-  rr\ov>*JG.  iur«  0Lft|OtHOS  PUCS£. 
a/o  /vuic/rn&J 


ZS  muz. 


gW£ dB. 
5-/£  ^ 


tacom  Leaf 


UcrfiASONtC  C-ScPik J  I  MSS£CT;OW 

••  JL&J®. — 

£PRIM<J  No.  A*'7  5A/i  ^4  XoCfc  TVPff  ^  /,AHAt*6TZJC&  xoc*  FZEQ.  2.ZS 

R£p.  Rat E_iL_  Fnersn  6*iu  4p  dB  _  kvrzu-  P'1%.^ 


Ai&.  Penn.  Output  —  O-  QL _  (Saw  DfU'f  JO'jZQXJS  _  oAorH  Jj&Q 


$cpm  SpecO  ^  -^5  Xsbcx  JmcA  .  0-OZS  in. 


Ihoxptioh  Level 

/HDICPTIOAJ  'fits* 

1.  Not  lETtMi*JEb 

2.  2£%  8ack  *£Fl£CTKJU 

3.  5o*/»  Back  RtPi£CPoAi 

4.  IS*/*  Back  pBHECTtotu 

5.  too  */.  8«cj<  RCPi^crcAj 

6.  <S  £ack  Qgfljcnoo _ 

1.  >  tM. 

2.  -  v2  S^.IH. 

3.  '4  -  t  s<k.  im. 

4.  1-2  im. 

5.  2-4  54.  i»». 

4.  < 4  sa  in- 

Indsx  DiRectio/O 


S)t>€. 


Results  :  @  U\j&l  3  Me*  2  Vs t 

(B)  /VO  fiAuJ  //UDIOATIOaJ  IPUMIAJs) 

@  3  Mm  2.  Zz-t 


| /6&T 


©! 

i 

— 

0^ 

<i) 

•* 

10 

- 5'  !  s'  '  S‘— 1 

x 

•*- 

f/fJ'SH 


<k 


C-44 


TACOM  Leaf  .SPRINGS 


UcrCA sonic  C-5canj  lMSfl=CT/ow 


DATS--  l0-3°.:.£°— 

SPftiMS  No.  /?-7  SfJ  1  *  S  xocft.  TVPff  0-&  ^MA!V£-mjc£  .  x0cA  <?-2g  ir>»z- 

rep.  Patc  S'k _  Fnessn  ^ _  gain  40  dB  Am a/.  36 


Ays.  Peru  Output  &2v _  Gate  DELA'i  <0' 20  ^  Gate  lJioth  S-/0^s 


SCAW  SP€£0  ^ 


Ifvbex  7 mcA.  0-&2S  in. 


Index  DiRectioa) 


/wDtcflTiow  Level 

/NOtCATioM  Area 

1.  Hot  6E7«a>i/Nfa 

2.  2SV»  BfiCK  HEFUCTKJU 

3.  So'/.  Bacx.  Repi^ertcKi 

4.  IS*/.  Back  Pe  Puerto w 

5.  to 0  */•  8acm  8EF4Ecr«Aj 

6.  ^  flACX  figPU&TlON 

1.  >  'Af  Sq.  in- 

2.  'In  -  'ft  s^. in. 

3.  '/i  -  >  S4.  IN. 

4.  1-2  sq.  in. 

5.  2-4  2a.  in. 

6.  <4  sa  in- 

fHIS  SfO£ 


Results  °.  Leya  3  3  /octree  /?r  s/i€  ( peoBfreiv  Pm  6-/U os) 


tacom  Leaf  Swings 


(JcrcA sonic  C-Sc* m  lMSPecT/ow 


Spring  No.  -7*^ 


!0  -  ?o  - 80 


XOC.R.  TVPff  ^MAftn£TtJCS 


xOCft  FS£§. 


ft£p.  PflTg  Enemn  ^ _  Gai*  4o  dB  _  Amu.  JLUkJ^L 

Ai&.  ftflfct  Output  . _  _  Gate  Dela^  ,  ID-Io  A>S  ^ t£  uIioth  5-  IQ  u? 


Scflw  S~p ccr\  6 "Zp< _  In ooi  JncR.  0  02S  in.  Tnbex  Direction 


Ihokatiom  Level 

/NDICAT/OM  fiS£A 

1.  Mi IT  &ET SAMlWCO 

2.  2  SV»  a pcx.  neFucrttu 

3.  Bacx  Qecj«moA J 

4.  7f  */.  8PCX  PfPU£CnOM 

5.  IOO  */•  sac*  Re«jfcr*5/u 

6.  4  fiACV  SPPLECTION 

1.  >  '/if  50.  IM. 

2.  '/•*  -  V2  20.1  h. 

3.  ’/j.  -  I  so.  in. 

4.  1-2  S«.  IN. 

£.  2-4  30.  IN. 

£ .  <4  sa  in. 

fl  £5Ults  :  (#)  Uoec  2.  W6*  2 

(5)  L&vet.  3  /fee*  ^ 


z/st 

'/3t 


tacom  Leaf  5p«im<ss 


Uctcasonic  C-5cam  I MSPecr/ow 

Date  10'30'QQ — 
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APPENDIX  D 


LEAF  SPRING  TEST  PROCEDURE 
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D-l.  S(30PE 

This  test  procedure  presents  the  requirements  for  laboratory  testing  of  a 
leaf  spring  assembly  under  vertical  loading. 

D-2.  APPARATUS 

D-2.1  Static  Load  and  Rate  Test:  The  spring  assembly  is  to  be  positioned 
in  the  clamped  condition  in  a  Universal  Testing  Machine.  The  front  and 
rear  lengths  for  the  spring  assembly  are  to  be  the  same  as  these  lengths 
in  the  suspension  system  of  the  vehicle. 

D-2. 2  Fatigue  Portion  of  Test:  The  complete  spring  assembly  is  to  be 
used  for  this  portion  of  the  test.  It  is  to  be  clamped  and  set-up  in 
an  inverted  position  in  a  suitable  machine  at  the  attitude  specified 
for  vehicle  installation.  The  suspension  system  brackets  and/or  contact 
supports  are  to  be  used  in  the  test. 

D-3.  CONDITIONING 

D-3.1  Conditioning:  Condition  the  test  specimens  at  23  2*C  (73.4  + 

3.6*F)  and  50  _+  10  percent  relative  humidity  for  not  less  than  40  hours 
prior  to  test. 

D-3. 2  Test  Conditions:  Conduct  tests  in  the  Standard  Laboratory  Atmosphere 
of  23  2*C  (73.4  +_  3.6*F)  and  50  _+  10  percent  relative  humidity. 

D-4.  TEST  PROCEDURE 

D-4.1  Static  Load  and  Rate  Test: 

D-4. 1.1  The  spring  assembly  is  positioned  clamped  in  a  universal 
testing  machine.  Load  spring  to  2000  pounds.  The  torque  load  in 
each  U-bolt  at  the  clamp  shall  be  260  lb. -ft. 

D-4. 1.2  Release  spring  to  no  load  position. 

D-4.1. 3  Compress  the  spring  to  the  rated  load.  Rap  the  spring 
thoroughly  with  a  mallet  and  record  the  load  reading  and  the 
height. 


D-4. 1.4  An  autographic  record  of  load  versus  displacement  is  to 
be  performed:  this  is  to  be  a  slow-speed  sweep  of  vertical  load 
from  zero  to  1.8  times  the  rated  load  and  back  to  zero. 

D-4. 1.5  The  clamped  spring  rate  at  the  rated  load  shall  be 
determined. 
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D-4.2  Fatigue  Test 

D-4.2.1  The  complete  spring  shall  be  clamped  and  set-up  in 
an  inverted  position  in  a  suitable  machine  at  the  attitude 
specified  for  vehicle  installation. 

D-4.2. 2  An  autographic  record  of  load  versus  displacement 
shall  be  made  in  accordance  with  D-4.2. 7  before  cyclic  testing 
is  begun. 

D-4.2. 3  Each  sample  shall  be  subjected  to  a  vertical  cyclic 
loading  from  25%  of  the  rated  load  (compression)  to  1.8  times 
the  rated  load  when  clamped  and  shackled.  Torque  load  on  each 
D-bolt  at  the  clamp  shall  be  260  lb. -ft. 

D-4.2. 4  Each  sample  shall  be  tested  to  failure  or  a  maximum 
of  150,000  cycles. 

D-4.2. 5  The  clamp  and  nuts  shall  be  re-tightened  after  the 
initial  10,000  cycles  and  at  least  every  25,000  cycles 
hereafter. 


D-4.2. 6  The  test  speed  shall  be  25-110  CPM. 

D-4.2. 7  Before  cycling  and  after  every  25,000  cycles,  an  auto¬ 
graphic  record  of  load  versus  displacement  shall  be  performed. 
This  is  to  be  a  slow-speed  sweep  of  vertical  load  from  zero  to 
1.8  times  the  rated  load  and  back  to  zero.  The  clamped  spring 
rate  at  the  rated  load  shall  be  determined. 

D— 5.  CALCULATIONS 

D-5.1  Calculate  the  spring  rate  at  the  required  load  from  the  load- 
displacement  curve: 


K  =  P 
S 

where 

K  =  spring  rate 
P 

S  =  slope  of  the  load-displacement  curve  at  the  required  load 

D-6.  REPORT 

D-6.1  The  report  shall  include  the  following: 

D-6. 1.1  Sample  identification  and  fatigue  life  determined  for  each 
assembly. 

D-6. 1.2  The  autographic  records  of  load  versus  displacement  recorded 
during  the  rate  test. 

D-6. 1.3  The  spring  rates  calculated  as  required. 

D-6.1. 4  Looseness  of  U-bolts  at  clamp. 
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